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FOREWORD 


The  compression  and  dehydration  of  foods  result  in  advantages  of  both  economic 
and  military  importance .  in  addition  to  the  obvious  savings  in  transportation 
and  storage  space ,  there  is  increased  efficiency  in  the  military  utilisation  of 
the  food  at  critical  points  in  the  field.  The  moisture  sorption  properties  of 
these  foe  *>4  are  important  in  relation  to  the  storage  stability,  packaging  compa¬ 
tibility  axu  r« hydration.  Information  in  this  area  is  presently  fragmentary  and 
limited.  Specifically,  no  information  exists  on  the  moisture  sorption  properties 
of  compressed  multi-component  food  rations  under  controlled  conditions. 

Hie  work  covered  in  this  report  was  performed  by  the  FMC  Corporation , 

Central  Engineering  laboratories,  under  Contract  No,  DA19-129-AHC-ll(ll),  during 
the  period  from  31  July  1963  to  31  July  1964.  It  represents  an  Investigation  of 
the  effects  of  compression  and  storage  on  8  combination  foods,  in  terms  of  com¬ 
ponent  compatibility,  moisture  sorption  characteristics  and  storage  stability. 

In  a  previous  report  (Phase  I  of  the  same  contract),  the  moisture  sorption 
characteristics  of  12  single,  compressed,  dried  foods  were  studied. 

Hie  results  of  this  study  indicate  that  the  development  of  compressed  multi¬ 
component  food  rations  with  high  acceptability  and  with  good  storage  stability 
is  a  distinct  possibility.  These  findings  will  have  direct  application  to  any 
further  developmental  work  on  compressed  foods* 
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ABSTRACT 


This  report  covers  the  study  pertaining  to  the  effects  of  compression 
and  subsequent  storage  of  eight  combination  foods  on  compatibility  of  com¬ 
ponents,  moisture  sorption  characteristics  and  storage  stability.  Com¬ 
pression  did  not  produce  any  differences  in  equilibrium  relative  humidity 
moisture  contents.  Storage  stability  as  measured  by  changes  in  chemical 
composition  and  organoleptic  acceptability  was  not  significantly  affected 
by  compression.  Storage  relative  humidity  and  time  were  the  major  factors 
in  storage  stability.  The  results  indicated  that  the  optimum  storage 
relative  humidity  was  1%  or  less.  Moisture  sorption  isotherms  are  included 
with  tabulation  of  chemical,  organoleptic  and  re  hydration  data  for  all  eight 
food  combinations. 


I.  INTRODUCTION 


The  maximum  logistical  advantage  of  stabilized  lightweight  but  bulky 
dried  food  can  be  achieved  by  reducing  the  volume  to  a  minimum*  As  a 
result,  there  is  renewed  interest  in  the  volume  reduction  by  compression 
of  dried  foods. 

This  is  the  final  report  of  the  work  initiated  under  Phase  II  of 
Quartermaster  Corps  Contract  DA  19-129-AMC-lKN).  The  objectives  of 
this  contract  are  to  determine  the  effects  of  compression  of  multi¬ 
component  dried  foods.  Specific  studies,  set  up  to  meet  the  objectives, 
included  measuring  the  rate  and  level  of  moisture  equilibration  at 
specific  relative  humidity  levels,  measuring  the  levels  of  important 
chemical  constituents  after  specified  3torape  intervals,  measuring  the 
rehy drat ability  characteristics  and  determining  the  organoleptic 
acceptability. 


II.  EXPERIMENTAL 


To  best  describe  the  experimental  procedures,  this  section  is  divided 
into  three  phases  of  work: 

1.  The  selection  and  preparation  of  the  individual  foods,  including 
calculations  for  combinations  and  compression  procedures  employed. 

2.  The  procedures  used  for  the  moisture  sorption  study  and  the 
corresponding  sample  preparation  procedures. 

3.  The  chemical  and  organoleptic  methods  used  to  determine  storage 
deterioration  characteristics. 


A.  Foods  used  in  the  tests 

1.  Individual  foods  for  the  test 

The  basis  for  selection  of  the  individual  foods  was  specifiod  in 
the  contract  and  was  based  on  Salvin' s  (1)  classification  of  foods. 
The  dried  foods  used  in  the  studies  are  listed  in  Table  1,  along 
with  the  source  of  supply  and  method  of  drying. 

Because  of  the  availability  pf  data,  foods  chosen  for  the  Phase  II 
studies  were  selected  from  those  studied  in  Phase  1. 
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All  of  the  raw  materials  for  the  FMC  runs  were  purchased  from  local 
food  packers  or  commercial  outlets  in  frozen  sugar* free  packs. 


The  food  items  requiring  freeze-drying  were  prepared  using  FMC 
freeze-drying  equipment  and  then  maintained  under  conditions  which , 
through  past  experience,  result  in  a  high  quality  product.  The 
solidly  frozen  product  particles  were  evenly  spread  on  trays,  placed 
in  the  freeze-dryer  and  the  vacuum  was  rapidly  brought  to  200  microns 
of  mercury,  absolute;  the  heating  plate  temperatures  were  set  at 
130°  F.  To  insure  thorough  drying,  a  16-hour  drying  cycle  was  used 
and  upon  completion  of  drying,  the  vacuum  in  the  drying  chamber  was 
broken  with  nitrogen  gas.  The  trays  were  then  removed  and  the 
products  packaged  immediately  in  a  low-humidity  room.  All  lots  of 
each  food  item  were  packaged  into  large  double-walled  polyethylene 
bags  (6  mil  per  wall  thickness)  under  a  steady  bleed  of  nitrogen 
gas.  Each  filled  bag  was  sealed  and  stored  in  an  outer-sealed 
'metal  container  for  at  least  a  week  to  permit  moisture  equalization 
before  using  in  any  sample  preparation.  The  bagged  samples  stored 
in  this  manner  also  served  as  control  samples. 

2.  Food  selection  for  the  compressed  food  combinations 

It  was  specified  in  the  contract  that  eight  different  combinations 
of  the  various  driad  foods  were  to  be  studied.  In  the  selection  of 
the  component  foods  that  went  into  making  the  compositions,  the 
following  criteria  were  considered  in  arriving  at  the  final  combi¬ 
nations  : 

a.  The  probable  ultimate  use  and  the  common  or  conventional 
association.  An  example  of  this  would  be  a  meat-with-vegetable 
dish  that  would  be  regarded  as  a  basic  serving,  i.e.,  beef 

and  potatoes,  beef  and  spinach. 

b.  Interclass  combinations  of  foods.  Since  the  moisture 
sorption  isotherms  of  products  within  a  class  are  similar, 
it  is  expected  that  a  minimum  of  moisture  exchange  would 
occur.  As  a  result,  some  of  the  combinations  have  individual 
components  representing  different  classes  of  food. 

c.  Phase  I  of  this  contract  dealt  with  the  study  of  moisture 
sorption  of  individual  compret sed  foods.  Since  an  evaluation 
of  the  effec*  of  moisture  sorption  properties  on  compressed 
combinations  is  desired,  the  foods  for  Phase  II  were  selected 
from  among  those  studied  under  Phase  I„ 

d.  To  obtain  data  on  the  effect  of  variation  in  the  ratio  of 
one  ingredient  to  tht  other,  two  c(  vbinations  were  chosen  to 
be  variations  of  two  others. 
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«.  Powdery  homogeneous  materials  (eggs,  potato)  as  well  as 
larger  par  tided  items  (beef,  spinach,  cabbage,  carrots, 
apples  and  strawberries)  were  used  for  making  the  compressed 
compositions.  To  effect  uniform  distribution  of  components, 

'  the  maximum  size  of  the  food  particles  was  1/2  inch  in  diameter. 

f.  The  foods  used  in  the  test  included  foods  dried  by  air 
and  by  freeze- drying. 

3.  Calculation  procedures  for  food  combinations 

Prom  the  foods  selected  for  this  project,  it  was  possible  to  get 
eoe  combination  for  each  of  the  five  equilibrium  relative  humidity 
ranges  specified  in  the  contract.  The  following  two  analyses  were 
essential  in  calculating  the  ratio  of  components. 

*•  Moisture  analysis 

The  XnTtTaT  moisture content  of  the  individual  foods ,  the  basis 
for  calculating  the  food  combinations  and  subsequent  weight 
changes,  was  done  by  drying  in  vacuum  of  28"  ef  mercury  for  1ft 
hours  at  70°  C.  Duplicate  moisture  analyses  were  done  on  e 
composite  sample  taken  from  various  parts  of  the  double-walled 
poly  bags. 

b.  Lipid  analysis 

All  moisture  data  for  the  fat-containing  food  items  wee  expressed 
en  the  fat-free  basis  and  lipid  analyses  were  required  on  the 
individual  dried  beef  and  egg.  Duplicate  samples  were  weighed 
into  Soxhlet  thimbles  and  extracted  with  petroleum  ether  for 
six  hours. 


A  formula  derived  from  Salwin's  method  (2)  of  calculation  for 
confuting  the  equilibrium  moisture  distribution  ef  dried  food 
combinations  was  used  in  determining  the  make-up  ratio  of  the  two 
feod  combinations  which  would  result  in  the  equilibrium  relative 
humidity  ranges  specified  in  the  contract.  Salwin'e  formula  for 
computing  the  equilibrium  relative  humidity  of  combinations  is  as 
fellows : 


WA»  V 

rA»  r»: 
Sg,  S,: 


R 


rAsAwA  ♦  rBsBmB 


SAWA  *  SBWB 


dry  weights  of  the  two  components 

initial  relative  humidities  of  the  two  compeoents 

slope  of  the  isotherms  between  initial  end  final  points 
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Setting  WA  -f  Wj  equal  to  ege,  then  Hr  =  1-  WA.  ittbfttituting  this 
in  tbe  abeve  formula,  the  resulting  formula 


RgSg  -  RSg 

Ha  c  (rsa  -  RSb)  -  rasa  -  rbsb) 

mb  then  he  used  for  calculating  the  ratio  of  the  component  foods. 

Tbs  slopes  for  the  isotherms  were  taken  from  data  gathered  in  the 
first  phase  of  the  contract.  Table  2  lists  initial  meisturo  contents 
of  the  component  foods  and  the  food  combinations  with  the  calculated 
equilibrium  relative  humidity  ranges  for  each.  The  filial  cembiaatiea 
ratios  were  to  some  extent  influenced  by  the  thought  that  any  combi¬ 
nation  component  should  make  up  a  noticeable  fraction  of  each  disc. 


ef  combination  dried  foods 


The  contract  specified  that  two  pressure-dwell  combinations  within 
the  range  of  3G0  -  1,000  psi  be  applied  on  each  of  the  eight  combi¬ 
nations.  Based  on  the  compression  studies  of  Hamdy  [QMCIAF  Report, 
Contract  No.  DA  19-129-AMC-1630  (1961)],  the  USBA  publication 
No.  647  (1948),  Experimental  Compression  of  Dehydrated  Foods,  and 
most  of  all  the  compression  results  of  the  first  phase  of  this 
contract,  two  pressure  levels  were  selected  for  each  combination 
that  produced  the  desired  characteristics.  Table  3  lists  the  two 
pressure  levels  used  in  producing  the  compressed  compositions. 


In  the  succeeding  discussions,  the  terms  Plt  P21  and  PQ  are  used 
for  reference  te  the  pressure  treatment.  refers  to  the  lower 
compression  treatment,  P2  the  higher  level  and  Pg  the  uncompressed 
centre!.  All  dwell  times  were  30  seconds. 


The  lower  pressure  levels  were  selected  for  their  efficacy  in  producing 
cohesive  discs  1/2"  thick  and  1  7/8"  in  diameter  from  a  20  -  25 
gram  sample  of  dried  food.  The  selection  of  the  higher  compression 
level  was  based  chiefly  on  the  production  of  a  disc  which  would 
not  be  too  hard  or  brittle  and  possibly  retard  moisture  absorption. 

A  deviation  from  the  contract  specifications  were  those  pressures 
employed  for  producing  a  cohesive  combination  of  beef  and  potatoes. 

It  was  first  neoeseary  to  adjust  the  moisture  level  of  the  potato 
to  about  16%  and  compress  above  the  specified  maximum  pressure 
level  to  achieve  the  .desired  results.  To  increase  the  initial 
moisture  level  from  8%  to  approximately  16%,  calculated  amounts 
of  water  were  sprayed  onto  weighed  quantities  of  potato  powder. 

These  moistened  potatoes  were  thoroughly  mixed  in  a  Waring  Blondor 
before  placing  them  in  sealed  jars  for  equilibration.  The  prepar¬ 
ations  were  equilibrated  at  refrigerated  teaperatures  to  retard 
possible  deterioration  and  were  thoroughly  agitated  daily  during 
the  8  to  10  day  equilibration  period.  It  was  also  necessary  to 
chill  the  foods  to  50*  F.  before  compressing  at  the  two  levels. 


u 


B«  Moisture  asrption 

1.  Hysteresis  studies 


In  the  first  phase,  hysteresis  studies  were  dene  on  three  foods  by 
first  equilibrating  to  an  initial  moisture  level  followed  by  interim 
equilibration  to  higher  and  lower  humidity  levels  and  finally 
equilibrating  all  the  samples  at  the  original  relative  humidity 
levels.  Similar  hysteresis  studies  with  the  single  and  combination 
foods  were  conducted  in  the  second  phase.  The  hysteresis  studies 
for  Phase  II  can  best  be  described  in  the  following  three  parts: 

Part  I 

Hie  first  part  was  the  hysteresis  study  of  the  compressed  single 
foods.  Seven  of  the  eight  selected  foods  were  compreased  at  the 
pressure-dwell  times  listed  in  Table  3.  Two  sets  of  triplicate 
samples  of  each  food  were  prepared.  One  set  was  equilibrated  at 
0%  R.H.  at  72°  F. ,  the  second  triplicate  set  equilibrated  tfc  0%  R.H* 
at  100°  F.  The  set  equilibrated  to  0%  R.H.  at  72°  F.  temperature 
was  then  equilibrated  at  progressively  higher  relative  humidities 
until  reaching  75%  R.H.,  at  which  point  the  food  retraced  the  R.H. 
levels  back  to  0%  R.H.  The  second  set  of  samples,  equilibrated  at 
100°,  was  equilibrated  at  succeedingly  higher  R.H.  levels  until 
reaching  32%  R.H.,  at  which  level  the  foods  were  re-equilibrated 
in  steps  back  to  the  initial  0%  R.H. 

Part  II 

This  part  ef  the  hysteresis  study  was  done  with  three  groups  of  the 
compressed  composition  discs.  In  the  first  group,  the  P^,  P2,  and 
the  uncompressed  controls  of  apple-strawberry  (Combination  8), 
cabbage  and  carrots  (Combinations  6,  7),  beef  and  spinach  (Combination 
3),  spinach  and  eggs  (Combination  4),  and  beef  and  eggs  (Combination 
2)  were  first  equilibrated  at  0%  R.H.  at  100°  F.  After  reaching 
initial  equilibrium,  the  R.H.  solutions  were  then  changed  to  the 
next  higher  relative  humidity  solution  until  reachinj  equilibrium 
at  32%  R.H*  from  which  point  the  relative  humidity  solutions  wore 
retraced  to  0%  R.H. 

The  second  hysteresis  study  with  combination  foods  was  dona  with 
the  P2  compressed  samples  of  beef  and  spinach  (Combinations  1,3), 
beef  and  eggs  (Combination  2),  spinach  and  eggs  (Combination  4), 
cabbage  and  carrots  (Combination  7)  and  apples  and  strawberries 
(Combination  8).  These  samples  were  first  equilibrated  at  0%  R.H. 
at  100°  and  then  equilibrated  at  succeedingly  higher  R.H.'s  until 
reaching  95%,  From  this  level,  the  R.H.  conditions  wore  retraced 
to  0%  R.H. 
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The  ?2  compressed  samples  of  ajjple-strawbfcrry  (Combination  8)  and 
cabbage  and  carrots  (Combination  7)  were  the  two  foods  used  in  the 
third  hysteresis  study.  These  two  composites  were  first  equilibrated 
at  0%  R.H.  at  72°  F.  After  equilibrium,  the  relative  humidity 
conditions  were  raised  stepwise  to  75%  R.H.,  fro.,  which  point  the 
solutions  were  retraced  stepwise  until  reaching  the  initial  0%  R.H. 

Part  III 

ftie  ^2  compressions  of  combination  discs  7  and  8  mentioned  above 
were  also  used  for  the  third  hysteresis  study.  For  this  test, 
three  groups  of  six  disc  samples  each  were  initially  equilibrated 
at  three  R.H.'s  —  3.0%,  11.1%,  and  20.4%  —  all  at  100°  F.  After 
reaching  equilibrium  at  the  respective  R.H»,  three  samples  were 
then  equilibrated  at  32%  R.H.  and  three  samples  at  0%.  After 
reaching  equilibrium  at  these  two  levels,  the  samples  were  then 
equilibrated  back  to  the  respective  initial  relative  humidities. 

hysteresis  tests  are  summarized  in  flow  sheet  form  in  Figures  I, 

II,  and  III.  All  hysteresis  samples  were  made  in  triplicate  with 
the  exception  of  the  second  series  in  Part  II. 


2.  Rate  of  attainment  of  equilibrium 


Three  discs  of  each  pressure-dwell  level  for  all  the  eight  dual 
combinations  were  prepared  for  each  R.H.  level  for  the  rate  af 
attainment  studies.  These  samples,  along  with  uncompressed  control 
samples,  were  equilibrated  at  the  specific  humidity  levels  and  at 
two  temperatures,  72°  and  100°  F,  The  samples  were  weighed  at 
three  storage  intervals  and  then,  if  necessary,  more  frequently 
until  equilibrium  was  reached  (i  0,04%  moisture  change  per  five  days). 


3.  Moisture  sorption  apparatus 


The  method  for  determining  moisture  content  equilibrium  relative 
humidity  isotherms  followed  the  technique  first  proposed  by  Wink 
(Ind.  Eng.  Chem.  Anal.  Ed,,  18^  251  -  252)  and  modified  by  Levine 
and  Fagerson  [TAPPI,  37.,  (7),  299]  with  the  exception  of  the  sise 
af  the  sample  and  the  design  of  the  sample  holder.  The  humidity 
jars  were  the  pint  canning  jars  identical  to  the  ones  used  in  Phase  I, 
A  1/4”  hole  was  drilled  in  the  center  of  the  two-piece  jar  lids 
(Ball  Bros.)  to  allow  passage  of  a  thin  wire  (22  AWG)  approximately 
feur  inches  long.  The  lower  end  of  the  wire  in  the  jar  is  connected 
to  a  plastic  dish  for  support  of  the  compressed  food  sample  and 
the  outer  upper  end  is  looped  to  permit  hanging  from  a  balance  hook. 

In  the  outer  assembly,  the  wire  passes  through  a  rubber  gasket 
which  seals  oft  the  1/4"  hole.  This  gasket  else  serves  in  the 
positioning  of  the  suspended  food  sample  and  to  prevent  its  contact 
with  the  humidifying  solution  in  the  jar.  The  pan  assembly  from  a 
model  40706A  Met tier  balance  was  removed  and  replaced  by  an  oqual 
weight  of  lead  with  an  embedded  hook.  To  do  the  weighing,  the  pint 
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jar  assembly  ic  placed  under  the  leaded  balance  hook.  The  aupport 
wire  ia  suspended  from  the  balance  hook  so  the  sample  swings  freely. 
This  procedure  pennies  rapid  weighing  and  minimizes  any  error  from 
sample  sorption  or  desorption  during  weighing. 

The  aluminum  rings  which  contained  the  compreesed  single  food 
samples  in  Phase  1  studies  were  cut  from  1  7/16"  diameter  tubing* 

The  compressed  sample  weight  contained  in  these  holders  was  from 
9  -  15  grams.  It  was  mentioned  earlier  that  any  component  food 
that  went  into  making  the  compressed  composice  sample  should  be 
present  in  noticeable  quantities.  Preliminary  results  with  the 
1  7/16"  diameter  holder  revealed  that  a  larger  container  was  nece¬ 
ssary  if  ideal  quantities  were  to  be  weighed  and  prerent  in  each 
sample.  To  accommodate  the  sample  weight  of  20  -  25  grams,  the 
holders  used  for  the  Phase  II  studies  were  3/4"  long  rings  cut 
from  2"  diameter  aluminum  tubing.  The  foods  were  compressed  in 
these  rings  and  placed  on  plastic  supporting  dishes  which  in  turn 
were  fastened  to  the  suspended  wire.  Figure  IV  illustrates  the 
complete  jar  assembly  and  components.  Figure  V  illustrates  the 
use  of  the  Mettler  balance  for  direct  weighing  of  samples. 

Anhydrous  magnesium  perchlorate  was  used  in  test  jars  maintained 
at  0%  R.H.  Saturated  salt  solutions  were  used  to  control  relative 
humidities  of  the  other  jar  atmospheres  with  the  exception  of  the 
3%  level,  which  was  a  solution  of  sulfuric  acid.  As  mentioned  in 
Phase  I,  saturated  salt  solutions  were  preferred  wherever  possible, 
since  absorption  or  desorption  of  moisture  from  the  test  sample 
could  alter  the  concentratio  c;?  sulfuric  acid  solutions.  Table  4 
lists  the  salts  used  and  the  corresponding  relative  humidity  levels 
at  72°  F.  and  100°  F. 

In  the  initial  stages,  daily  checks  were  mads  on  all  jars  to  assure 
saturated  salt  conditions.  The  sulfuric  acid  solution  in  the  3% 

R.H.  jars  was  changed  wtjkly  with  fresh  solution  to  eliminate 
possible  changes  in  concentration  resulting  from  moisture  sorption. 

4.  Sample  preparation  procedures 

The  compressed  disc  samples  were  prepared  by  a  team  of  three  people 
working  as  rapidly  as  possible.  Individual  fcods  were  weighed  to 
the  nearest  0.01  gram,  combined  and  mixed  well,  loaded  into  the  die 
and  the  specified  pressure-dwell  applied.  A  standard  Carver  labor¬ 
atory  hydraulic  press,  fitted  with  a  supplementary  low  range  pressure 
gauge  was  used  to  compress  the  samples.  It  was  mentioned  earlier 
that  the  food  was  compressed  and  left  in  2"  diemeter  eluminum  rings. 
To  produce  this  compressed  ring,  the  piston  of  a  standard  ?"  dia 
waa  reduced  to  fit  inside  the  aluminum  ring,  placed  in  the  lower 
end  of  the  femele  die.  The  mixed  food  samples  can  than  be  placed 
within  the  ring  in  the  die  and  cong>ressed.  Figure  VI  illustrates 
the  die  used  for  compressing  samples. 
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For  the  rate  of  attainment  studies,  the  aluminum  tube  sections,  the 
plastic  dish  and  the  wire  supports  had  been  previous  tared.  The 
ring  and  support  assembly  had  been  allowed  to  equilibrate  at  the 
initial  relative  humidity  in  the  jar  for  one  week  before  recording 
the  tare  weights.  The  aluminum  ring  holder  was  removed,  the  food 
compressed  within  it,  and  the  unit  reassembled.  The  assembled  unit 
was  then  placed  in  the  respective  jar  containing  the  humidifying 
solution  and  the  initial  sample  weight  was  recorded.  Sample 
preparation  procedures  for  the  hysteresis  samples  were  the  same. 

The  samples  to  be  used  in  storage  stability  analyses  were  left  in 
the  aluminum  sections ,  but  were  stored  in  bulk  in  sealed  glass 
fishbowls  (Figure  VII).  Jars  holding  the  appropriate  solution  for 
humidity  regulation  were  placed  in  the  bowls.  The  individual 
samples  within  the  jar  were  kept  separated  by  pieces  of  aluminum 
screen  to  promote  uniform  humidity  and  moisture  adsorption  conditions. 

Sufficient  disc  samples  were  produced  and  stored  in  this  manner  to 
allow  for  chemical  and  rehydration  evaluation  at  the  three  storage 
intervals.  It  was  thought  that  a  more  meaningful  evaluation  of 
possible  organoleptic  changes  could  be  made  if  a  direct  comparison 
of  the  storage  samples  was  made  at  one  time.  Sample  preparation, 
therefore,  for  organoleptic  evaluations  was  staggered  so  that  all 
the  storage  intervals  ended  at  the  same  time. 

C,  Storage  stability  analytical.  procedures 
1.  Chemical  tests 


At  least  two  chemical  tests  to  determine  storage  deterioration 
characteristics  were  performed  on  each  of  the  eight  combination 
foods.  These  tests  were  done  on  foods  stored  at  six  different 
relative  humidity  conditions  at  100°  F.  and  at  the  end  of  three 
storage  intervals. 

The  chemical  analyses  selected  to  evaluate  storage  stability  on 
the  various  combinations  are  listed  in  Table  5.  These  test*  were 
selected  on  the  applicability  to  practical  and  available  sample 
quantities  as  well  as  their  applicability  to  the  type  of  deterior¬ 
ation  anticipated. 

The  quantitative  determination  of  malonaldehyde  (TBA  test)  was 
selected  as  one  of  the  tests  to  determine  storage  deterioration 
for  all  lipid-containing  compositions  ''beef  and  egg  combination*). 
Attempts  to  analyze  for  free  fatty  acids  and  peroxide  values  in 
solvent  extracts  of  the  spinach-eggs  and  the  two  spinach-beef 
combinations  revealed  that  the  chlorophyll  pigment  extracted  along 
wi*h  the  lipids  interfered  with  the  end  point  in  the  determinations. 
It  was  additionally  thought  that  by  running  the  TBA  test  on  all 
lipid-containing  samples,  comparison  of  possible  component  and 
composition  effects  could  be  made. 
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Vith  some  minor  changes,  the  following  analytical  procedures  wars 
followed: 

a.  Anthocyanin  pigments 

The  extraction  and  quantitative  measurement  of  the  anthocyanin 
pigmante  basically  followed  the  procedures  of  Sondheimer  and 
Kertesz  (3).  Best  results  have  been  obtained  by  blending  1.6 
grams  of  dry  material  with  100  ml  Sorensen's  citrate  -  hydro- 
ohloric  acid  buffer  and  25  mg  Pectinol  .10 -H  (Rohm  i  Haas,  Inc., 
Philadelphia,  Pennsylvania)  in  a  Waring  Blendor  for  two  minutes. 
The  sides  of  the  Blendor  jar  were  then  washed  down  with  3?  ml 
buffer  and  blending  continued  for  two  more  minutes.  The  mixture 
was  centrifuged  at  2,000  rpm  for  30  minutes.  The  clear  euper- 
aatent  extract  was  decanted  and  the  concentration  of  anthocyanin 
pigments  detsrminsd  as  specifiad  by  Sondhaimer  and  Kertess 
using  e  Beckman  DU  Spectrophotometer.  Results  were  expressed 
es  mg  percent  Congo  Rad.  Duplicate  determinations  wsre  made 
on  each  disc.  ‘ 

b.  Ascorbic  acid 

Tha  rapid  method  for  the  determination  of  ascorbic  acid  in  fresh, 
frozen  and  dehydrated  fruits  and  vegetables  described  by 
Loeffler  £  Ponting  [Ind.  Eng.  Chem.  Ansi.  Edit.  14:  846-849 
(1942)]  was  used  to  follow  changes  in  ascorbic  act'd  content. 

After  grinding  the  sample  through  a  Wiley  mill,  the  sample  was 
mixed  with  250  ml  of  0.4%  oxalic  acid  solution  in  a  Waring 
■lender  for  3  minutes.  This  solution  was  filtered  first  through 
a  small  milk  filter  followed  by  a  second  filtration  through 
#42  Whitman  filter  paper.  Absorbancy  readings  on  this  filtrate 
were  done  using  a  Bauseh  and  Lomb  Spectronic  20  colorimeter. 

c.  Carotene 

The  ch romat ogr aphic  separation  method  for  dried  foods  outlined 
in  the  A0AC  (Ninth  Edition,  1960)  wes  used  for  the  carotene 
analysis.  Depending  on  the  quantity  of  carotene  present,  one 
to  fifteen  grams  of  the  food  sample  were  used  for  the  analysis 
anu  the  results  wsre  expressed  as  mepo grams  of  beta-carotene 
per  gram  of  sample. 

d.  Free  fatty  acid 

With  the  exception  of  the  volume  of  oil  being  smaller,  the 
method  described  under  CA  5a-40  (1963)  in  the  official  methods 
pi  the  ADCS  (4)  far  free  fatty  acid  determination  wee  performed 
on  an  aliquot  from  a  chloroform  extraction.  Because  of  the 
email  amount  of  temple,  0.01  N  sodium  hydroxide  was  used  in 
piece  of  the  standard  0.1  N  bees  for  titratinf  to  the  specifiad 
end  point.  It  was  noted  that  beef  'ipids  clouded  a'  the  end 
point,  but  it  is  assumed  that  this  does  not  interfare  with  the 
validity  of  the  analysis. 
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e.  Reflectance 

Color  changes  Indicative  of  "browning  reactions”  were  obtained 
by  running  the  reflectance  spectra  of  homogeneously  ground 
samples.  Where  anthocyanin  or  carotenoid  pigments  were  extracted, 
•As  spectra  veie  determined  on  the  residue  remaining  after  the 
pigment  extraction.  A  Ferkins-Eimer  Recording  Spectrachord 
equipped  for  reflectance  measurement  was  calibrated  to  read 
109%  reflect arte  using  a  magnesium  carbonate  reference.  Changes 
at  specific  wave  lengths  or  within  inportant  wsve  length  ranges 
were  noted. 

f.  Thiobarbiturlc  acid 

The  distillation  method  for  the  quantitative  determination  of 
•alonaldehyde  in  rancid  foods,  described  by  Tarladgis  et  al  (5), 
was  the  procedure  used  to  determine  lipid  deterioration .  "  bne 
modification  to  the  procedure  was  that  the  samples  were  ground 
and  placed,  dry,  into  the  Kjeldahl  flask.  30  ml  of  water  wm 
added  and  the  sample  allowed  to  rehydrate  before  distilling* 
Distillation  was  controlled  to  produce  50  ml  of  distillate  in 
10  minutes.  5  nl  of  the  collected  distillate  was  boiled  35 
minutes  with  the  thiobarbituric  acid  (0,02  M)  solution  in  90% 
glacial  acetic  acid  for  color  production.  Absorbancy  readings 
on  the  cooled  sample  were  run  on  the  Beckman  DU  at  538  mu  with 
the  slot  set  at  0.199  mm.  Mg  of  maionaldehyde  were  calculated 
from  a  standard  curve  made  from  1,  1,  3,  3,  tetra-ethoxypropane, 

2.  Organoleptic  evaluations 

As  mentiened  earlier,  the  sample  preparation  for  subsequent  organo¬ 
leptic  evaluations  were  programmed  so  that  all  storage  periods  ended 
at  the  same  time.  Although  there  is  the  disadvantage  of  submitting 
too  many  foods  to  the  panel  at  one  time,  it  was  felt  that  the  panel's 
■emery  weuld  be  better  ever  a  period  of  a  few  days  than  over  a  range 
of  three  to  four  months. 

From  a  pool  of  20  people,  eight  to  ten  tasters  were  selected  for 
the  panel*  Tbs  selection  of  the  panel  members  was  based  an  similarity 
in  soaring  and  individual  ability  to  duplicate  results  cloeely  and, 
to  none  extent,  their  willingness  to  accept  and  evaluate  foods  in 
different  forms  and  unoomman  combinations. 

During  the  several-day  interval  required  for  tasta-teating,  the 
pacal  members  met  in  the  panel  room  (Figure  VIII)  at  10  a. a.  and 
3  p.m.  Two  sets  of  four  samples  each  were  served  at  each  session. 

The  lighting  during  the  sessions  was  subdued  to  minimise  visual 
influence  an  judgment. 
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Coded  samples  were  presented  to  the  panel  members  and  individual 
results  were  recorded  on  the  sample  ballots  shown  in  Figure  IX. 
Flavor  and  odor  evaluations  were  rated  on  a  hedonic  scale,  from 
9  for  the  "extremely  like"  category  to  1  for  the  "extremely  dislike. 
Sample  presentation  commenced  with  the  serving  of  the  uncompressed 
control  samples  held  for  the  three  storage  periods  at  the  various 
relative  humidities  followed  by  the  lower  and  higher  compressed 
storage  samples. 

With  the  two  exceptions  of  strawberry- apple  and  cabbage-carrots 
combinations,  all  food  samples  presented  to  the  panel  were  moistened 
with  160°  F.  water  for  greater  acceptance  and  taste  discernment. 
Preliminary  taste  tests  with  dry  and  moistened  strawberry-apple 
samples  revealed  that  the  dry  form  was  more  acceptable.  The  cabbage 
carrot  combinations  absorbed  water  unevenly  and  were  served  dry 
for  uniformity  of  presentation. 

The  results  of  the  taste  panel  were  statistically  analyzed  as  a 
split  plot  experiment  on  the  supposition  that  the  experimental 
•rror  might  be  significantly  larger  than  the  error  of  evaluation. 

3.  Rchydratability  tests 

The  rehydration  characteristics  after  three  storage  periods  of  the 
eight  combinations  were  analyzed  by  soaking  in  an  excess  of  water 
at  room  temperature.  Discs  were  kept  submerged  and  agitation  was 
limited  to  occasional  probing  to  note  progress.  The  results  of 
these  tests  are  expressed  as  time  required  for  disintegration 
and/or  appearance  of  complete  hydration. 


III.  RESULTS  AND  DISCUSSION 


A.  Moisture  sorption  studies 


1.  Hysteresis 

The  complete  data  from  the  hysteresis  studies  is  not  available  at 
this  time  since  many  of  the  equilibrations  are  taking  longer  than 
anticipated.  Rather  than  include  partial  and  incomplete  results 
with  this  report,  a  supplementary  report  covering  the  results  and 
analysis  of  all  hysteresis  studies  will  be  submitted  as  soon  as 
possible  after  all  the  data  is  available. 
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2.  Moisture  sorption  isotherms 


The  rates  of  attainment  and  final  equilibrium  moisture  contents  of 
the  combination  foods  are  listed  in  Tables  6  through  21.  Figures 
X  through  XXV  show  isotherms  plotted  from  the  final  equilibrium 
moistures . 

Specific  comparisons  of  the  rate  of  attainment  cannot  be  made,  but 
generally  the  combinations  containing  beef  and  eggs  equilibrated 
within  a  month,  while  the  cabbage-carrot  and  apple-strawberry 
mixtures  took  slightly  longer  to  equilibrate. 

It  should  be  mentioned  here  that  some  of  the  isotherms  are  drawn 
from  the  data  obtained  by  vacuum  oven  solids  determinations  (16 
hours  at  70°  C.)  after  equilibrium  had  been  reached.  Originally, 
the  rate  of  attainment  and  the  equilibrium  relative  humidity  (CRH) 
moisture  contents  were  to  be  obtained  by  using  the  static  equili¬ 
brium  method  described  in  Phase  I  of  this  contract.  Briefly  in 
review,  the  procedure  involves  the  direct  weighings  of  a  food 
sample  of  known  initial  moisture  content  maintained  in  humidified 
air.  The  selection  and  regulation  of  relative  humidity  levels 
are  achieved  by  the  use  of  saturated  salt  solutions  placed  together 
with  the  samples  in  specially  equipped  jars. 

In  the  first  phase  of  work,  several  ERH  moisture  values  obtained 
by  the  direct  weighing  method  were  rechecked  by  running  vacuum  oven 
solids  determination  on  the  equilibrated  sample  (16  hours  at  70°  C.). 
The  results  of  these  random  checks  agreed  quite  closely,  indicating 
that  the  direct  weighing  results  were  reproducible  by  even  drying. 
Based  on  these  earlier  findings,  it  was  the  initial  plan  to  follow 
this  identical  empirical  procedure  and  report  the  ERH  moisture 
contents  based  on  the  direct  weighing  method.  However,  the  ERH 
moisture  contents  of  several  combination  foods  revealed  that  equili¬ 
bration  was  not  taking  place  at  the  anticipated  levels  based  on 
Phase  I  single  foods  data.  Vacuum  oven  solids  determinations  were 
then  run  on  several  randomly  selected  equilibrated  samples  to 
verify  the  results  of  the  direct  weighing  method.  From  the  compar¬ 
ison  of  the  two  results ,  further  inconsistencies  were  noted  and 
it  was  decided  to  run  vacuum  oven  checks  on  all  subsequently  equili¬ 
brated  samples.  Wherever  the  vacuum  oven  determinations  were  made, 
the  results  are  listed  in  the  data  tables  as  "moisture  by  analysis." 
It  should  be  mentioned  here  that  the  vacuum  oven  results  are  averages 
of  duplicate  analyses  on  at  least  two  of  the  three  replicate  samples 
equilibrated  at  each  relative  humidity. 

It  can  be  noted  in  tables  that  include  oven  solids  analysis  that 
the  oven  solids  do  not  agree  with  the  results  calculated  from 
weight  changes.  Rey  and  Bastian  (6)  also  reported  discrepancies 
between  a  "calculated  from  weight"  curve  and  a  direct  analysis 
curve  on  orange  juice  stored  at  40%  R.H.  In  all  instances  except 
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for  the  beef-potato  combination,  the  oven  solids  method  indicated 
higher  moisture  content.  This  deviation  was  true  regardless  of 
whether  equilibrium  had  been  attained  b;  adsorption  or  desorption. 

To  rule  out  the  possibility  that  an  error  had  been  introduced  by 
moisture  sorption  during  the  preparation  of  the  individual  discs, 
simulated  runs  were  made.  The  results  of  these  tests  revealed  that 
no  significant  moisture  pick-up  occurred  ’uring  the  2-3  minutes 
preparation  time.  In  addition,  moisture  contents  of  the  component 
foods  were  rechecked  with  the  thought  that  the  initial  moistures 
used  in  the  calculation  were  in  error.  The  results  of  these 
rechecks  confirmed  the  initial  moisture  values  and  ruled  out  initial 
moisture  contents  as  a  source  of  error. 

Possible  explanations  for  the  differences  in  5RH  moisture  contents 
between  the  two  methods  can  include: 

a.  The  formation  of  volatiles  during  storage  and  the  subsequent 
loss  of  these  volatiles  on  vacuum  oven  determinations.  The 
negative  malonaldehyde  results  indicate  that  this  specific 
class  of  volatiles  may  have  been  lost. 

b.  The  formation  of  water  by  deteriorative  reactions  and  the 
subsequent  loss  of  this  fraction  on  equilibration  with  ambient 
moisture. 

With  the  beef-potato  combination,  the  vacuum  oven  results  are 
consistently  lower  than  the  direct  weighing  values. 

Because  the  potatoes  used  in  the  disc  preparation  wera  raised  to  a 
high  initial  moisture  content  and  in  an  unstable  range,  no  rechecks 
on  initial  moisture  were  possible.  Initial  moisture  content  cannot 
be  ruled  out  as  a  source  of  error  completely,  even  though  careful 
procedures  were  followed  in  sample  preparation.  The  results  of 
the  previously  mentioned  rechecks  indicated  that  little  sorption 
or  desorption  occurred  during  sample  preparation,  but  in  using 
potatoes  with  the  high  initial  moisture  costent,  greater  desorption 
may  have  taken  place  during  the  preparation  interval.  Then  too, 
the  quantitative  definition  of  moisture  content  is  determined  by 
the  method  of  analysis  and  to  some  extent  the  nature  and  quantity 
of  water  present  in  the  sample.  Van  Arsdel  (7)  points  out  that 
there  are  at  least  seven  distinguishably  different  vacuum  even 
procedures,  each  giving  different  reselte  from  each  other.  For 
dehydrated  potatoes,  two  drying  times  are  noted,  6  hours  and  40 
hours.  Because  we  used  a  16-hour  drying  time  on  potato  samples 
of  varying  moisture  content  mixed  with  beef,  there  exists  the 
possibility  that  the  drying  period  or  the  method  was  inadequate  to 
give  consistent  results.  It  is  not  known  why  these  differences 
occurred,  end  without  any  supporting  data,  further  postulation  is 
precluded. 
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Although  the  empirical  results  of  the  two  methods  differed,  the 
final  results  by  each  method  indicated  that  compression  did  not 
affect  the  ERH  moisture  contents. 

In  the  case  of  apple-strawberries,  the  compressed  samples  appeared 
to  equilibrate  to  higher  values  if  weight  change  alone  is  used  for 
the  basis  of  comparison  and  confirms  the  findings  of  Phase  I. 
Unfortunately,  oven  solids  were  not  run  with  this  combination  for 
comparison  of  results. 

Because  several  combinations  containing  a  similar  component  equili¬ 
brated  alike,  the  discussion  of  these  combinations  is  under  the 
heading  of  the  similar  component  food.  Some  data  will  be  duplicated 
in  grouping  the  results,  but  variable  combination  and  component 
effects  can  be  better  presented. 

It  should  be  mentioned  that  the  replicate  moisture  analyses  of  the 
given  samples  agreed  in  the  majority  within  the  standard  deviation 
for  vacuum  oven  moisture  analysis  (t  0.2%).  Therefore,  no  signifi¬ 
cance  is  given  to  differences  between  samples  or  treatments  at 
given  conditions  unless  they  differed  by  more  than  0.4%. 


Beef  combinations 


Combination  1  -  Beef-spinach  (75%  -  25%) 

Combination  2  -  Beef-eggs  (50%  -  50%) 

Combination  3  -  Beef-spinach  (39%  -  61%) 

Combination  5  -  Beef-potatoes  (55%  -  45%) 

The  ERH  moisture  contents  of  these  four  beef-containing  combinations 
are  summarized  on  Tables  22  and  23.  These  results  are  taken  from 
the  P0  or  control  values  of  the  respective  individual  combinations. 
Moisture  sorption  isotherms  are  shown  in  Figures  XXIV  and  XXV. 

As  in  the  case  of  the  single  foods,  the  samples  equilibrated  at 
72°  equilibrated  to  higher  levels  than  the  100°  samples.  At  both 
storage  temperatures,  compression  did  not  have  any  effect  on  the 
ERH  moisture  contents. 

No  differences  are  noted  between  compressed  and  uncompressed  and 
between  the  compression  levels. 

The  72°  ERH  moisture  values  show  *hat  three  of  the  combinations 
(1,  2,  and  3)  equilibrated  to  similar  values  at  11,1%  R.H.,  but 
equilibrated  to  different  levels  at  other  R.H.  levels.  The  two 
beef-spinach  combinations  equilibrated  to  similar  values  at  3  and 
11.1%.  Potato-beef  combinations  showed  consistently  higher  equili¬ 
brium  moisture  contents  except  at  the  higher  R.H.,  where  there 
appears  to  be  a  leveling  off.  Because  several  instances  of  mold 
contamination  were  experienced  at  75.8%  R.H.,  there  is  some  doubt 
as  to  the  validity  of  the  results  at  this  high  R.H. 
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The  ERH  moisture  contents  of  samples  stored  at  100°  show  again  that 
beef  and  potatoes  equilibrated  to  consistently  higher  values,  reflecting 
the  greater  water-holding  capacity  of  the  potato  component.  The 
other  three  combinations  equilibrated  to  approximately  the  same 
moisture  values  except  at  the  3%  level  where  some  greater  divergence 
is  noted.  Based  on  the  results  of  the  two  spinach-beef  coni) inat ions, 
composition  variable  effects  do  not  appear  to  affect  the  ERH 
moisture  levels  at  100°. 

On  both  summary  sheets,  the  ERH  moisture  results  by  the  direct 
method  of  Phase  I  single  uncompressed  foods  are  listed  on  the  right. 

As  mentioned  earlier,  different  lots  of  foods  were  used  in  each 
phase  of  work  ano  some  variations  in  results  are  to  be  expected. 

On  the  other  hand,  in  both  phases  of  work  similar  lots  of  foods 
were  either  purchased  or  prepared,  the  same  freeze-drying  procedures 
followed,  and  all  foods  were  equilibrated  in  practically  the  seme 
manner.  Therefore,  the  inclusion  of  the  single  foods  data  serves 
as  good  a  basis  as  any  to  illustrate  the  deviations  from  thi  antici¬ 
pated  moisture  levels  in  the  following  discussion.  At  100°,  beef 
and  spinach  equilibrated  to  higher  values  than  either  beef  or 
spinach  alone.  Several  instances  of  this  higher  equilibration  ere 
noted  in  the  beef-potato  combinations  (3%,  11.1%  at  100°).  The 
same  results  of  the  higher  combination  moisture  values  also  occur 
in  the  lower  ranges  of  the  beef-spinach  combination  stored  at  72°. 

In  several  instances,  the  equilibration  appears  to  be  closer  to  the 
ERH  values  of  one  of  the  components.  Beef  and  egg  at  7%  R.H.  at 
100°  equilibrated  to  the  same  value  as  the  egg,  although  it  contained 
only  50%  egg.  At  3%  R.H.  and  at  100°  the  value  is  slightly  higher 
than  eggs  alone. 

Possible  explanations  for  the  higher  results  of  the  combination 
food  may  be: 

a.  Swelling  reaction  of  the  disc  resulting  in  greater  moisture 

retention  of  either  component. 

b.  Alterations  of  individual  sorption  behavior  by  the  other 

component . 


Spinach  Combinations 

Combination  1  -  Spinach-beef  (25%  -  75% 

Combination  3  -  Spinach-beef  (61%  -  39' 

Combination  4  -  Spinach-egga  (25%  -  75%; 

The  ERH  moiature  contenta  of  the  three  spinach  combinations  are 
summarized  on  Tables  24  end  25.  The  moisture  sorption  isotherms 
of  these  combinations  are  shown  in  Figures  XXVI  and  XXVII.  As  noted 
earlier,  the  two  spinach-beef  combinations  equilibrated  to  the  seme 
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levels  at  100°.  Spinach  and  eggs  at  100°  and  at  the  lower  R.H.'e 
equilibrated  to  lower  values  than  spinach-beef ,  but  at  7%  and  11* ll 
R.H.  ,  all  three  combinations  tend  to  equilibrate  to  the  same  level. 

Component  variable  effects  are  attenuated  at  100°  storage  and  in 
the  middle  R.H.  levels.  The  effect  of  component  variables  in 
Combinations  1  and  3  at  100°  appear  to  be  insignificant. 

Spinach-eggs  equilibrated  at  100°  and  at  3  -  7%  R.H.  appears  to 
equilibrate  to  the  level  of  the  Phase  I  ERH  moisture  level  ef  eggs. 
It  would  appear  from  the  above  results  that  the  ERH  inoisture  content 
of  the  combination  is  net  affected  by  the  25%  spinach  present. 

This  apparent  shift  of  equilibrium  is  also  noted  at  11.1%  R.H.  at 
100°  in  Combination  1. 

Compression  effects  between  greater  pressure  differentials  can  be 
noted  with  the  two  spinaoh-beef  samples.  At  100°  in  the  middle 
R.H.  levels,  compression  does  net  affect  the  results.  On  the  ether 
hand,  it  is  not  known  whether  component  or  compression  effects  are 
responsible  for  the  differences  between  the  two  spinach-beef  combi¬ 
nations  at  72°  F. 


Egg  combinations 


Combination  2  -  Beef-eggs  (50%  -  50%) 

Combination  4  -  Spinach-eggs  (25%  -  75%) 

The  results  of  the  two  combinations  containing  eggs  are  summarized 
en  Tables  26  and  27.  Moisture  sorption  isotherms  are  given  in 
Figures  XXVIII  and  XXIX.  Component  variable  effects  are  mere 
noticeable  at  72°  storage  although  at  11.1%  R.H.  both  compositions 
appear  to  equilibrate  closely. 

Component  variables  do  not  appear  to  produce  consistent  effects  en 
the  ERH  moisture  values.  The  most  notable  example  is  at  72*  et 
3%  R.H.,  and  to  some  extent  at  11,1%,  where  beef-eggs  equilibrated 
to  lower  levels  than  the  spinach-eggs.  Above  23%  R.H.,  beef-eggs 
equilibrated  to  higher  levels. 

At  3%  R.H.  at  100°,  both  combinations  equilibrated  to  values  higher 
than  Phase  I  individual  foods. 

As  noted  earlier,  compression  does  not  afftct  the  ERH  moisture 
levels.  Component  variables,  on  the  other  hand,  affected  the  ERH 
moisture  levels,  since  the  same  pressure  treatments  were  used  fer 
both  combinations  with  different  results. 
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Cabbags-carrots 


Combination  6  -  (82%  -  18%) 

Combination  7  -  (84%  -  36%) 

Th«  complete  vacuum  even  analyses  are  net  available  for  the  72°  F. 
storage.  The  results  of  the  two  combination  foods  are  summarized 
on  Tables  16  through  19.  Moisture  sorption  isotherms  for  the 
combinations  at  100°  are  shown  in  Figure  XXX. 

Because  of  the  slow  gradual  changes  experienced  in  Phase  I  with 
dried  cabbage,  the  storage  periods  were  extended  to  four  months 
for  both  these  combinations. 

"he  available  vacuum  even  results  in  both  combinations  and  at  both 
temperatures  are  in  most  instances  higher  than  the  results  obtained 
by  direct  weighing. 

Although  complete  vacuum  oven  solids  data  are  net  available,  com¬ 
pression  treatment  did  not  produce  any  significant  changes  in  ERH 
moisture  content. 

Both  combinations  at  the  upper  and  lower  R.H.  levels  at  100°  F. 
equilibrated  to  similar  levels,  while  at  11.1%  R.H,  greater  differ¬ 
ences  were  noted. 

Variable  composition  effects  are  most  significant  with  settles 
equilibrated  at  72°.  Combination  6,  containing  a  greater  cabbage 
content,  equilibrated  to  lower  ERH  levels  than  Combination  7. 


Apple-strawberry 
Combination  8  -  (50%  -  50%) 

The  ERH  moisture  values  by  the  direct  weighing  method  showed  that 
compressed  samples  equilibrated  to  higher tleve Is,  but  there  was  no 
difference  between  the  two  compression  levels.  100°  storage  produced 
greater  differences  between  uncompressed  and  compressed  samples. 

ERH  moisture  csntents  are  summarized  on  Tables  20  and  21.  Moisture 
sorption  isotherms  are  shewn  in  Figures  XXXI  and  XXXII. 
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B.  Storage  stability  analysis 
1.  Chemical  analysis 

The  results  of  the  chemical  analyses  to  determine  storage  stability 
of  the  eight  combination  foods  are  listed  in  Tables  28  through  46, 

For  easier  comparisons,  some  of  the  results  are  expressed  as  percent 
gain  or  loss  from  the  initial  control  values. 

In  general,  compression  had  very  little  effect  on  deterioration. 
Storage  R.H.  and  time,  on  the  other  hand,  were  more  significant. 

The  results  of  the  ascorbic  acid,  carotene  and  anthocyanin  deter¬ 
minations  reveal  that  at  the  lower  R.H.  less  losses  occurred. 

Rapid  deterioration  was  noted  for  ascorbic  acid  even  at  0%  R.H. 
and  an  increasing  rate  of  deterioration  successive  increases 
in  R.H.  The  results  of  the  malonaldehyde  and  free  fatty  acid 
analyses,  on  the.  other  hand,  show  greater  deterioration  at  the 
lower  R.H.  levels.  While  free  fatty  acid  formation  was  lowest  in 
the  7%  and  11%  R.H.  range  with  the  beef-potato  combination,  there 
was  no  other  indication  of  an  optimum  R.K,  range  or  monolayer  value 
that  was  beneficial  for  maximum  storage  stability. 

The  results  of  the  malonaldehyde  determinations  showed  several 
instances  of  losses  instead  of  expected  gains.  Beef  and  spinach 
combinations  all  showed  losses  in  malonaldehyde,  whereas  spinach 
and  egg  showed  gains.  Beef-eggs  and  beef-potatoes  showed  both 
losses  and  gains.  As  mentioned  earlier,  the  selection  of  the  TBA 
method  was  necessitated  by  the  impossibility  of  obtaining  colorless 
lipid  extracts  from  combinations  containing  spinach.  By  applying 
the  TBA  method  to  all  lipid-containing  combinations,  we  had  hoped 
to  study  component  variable  effects  as  well  as  to  quantify  lipid 
deterioration.  It  appears  also  that  combination  effects  play  a  part 
in  this  unknown  volatile  evolution;  with  beef-spinach,  the  results 
were  all  negative,  while  with  spinach-egg  the  results  were  all 
positive.  Apparently  there  is  some  interfering  volatile  evolution 
or  reection  involved,  resulting  in  the  negative  values.  It  could 
be  that  the  malonaldehyde  itself  is  lost  or  takes  part  in  other 
reactions  during  storage. 

Ae  a  result  of  the  negative  malonaldehyde  values,  it  is  difficult 
to  compare  and  quantify  lipid  deterioration,  but  the  comparative 
effects  of  R.H.  and  compression  on  the  results  will  bo  noted. 

The  results  of  the  reflectance  analyses  run  in  the  manner  outlined 
earlier  did  not  produce  any  consistent  interpretable  reeults.  The 
Storage  R.H.  and  time  appeared  to  affect  the  reflectance  values  mote 
then  the  compression,  but  in  no  set  manner.  The  selection  of  several 
wave  lengths  for  reflectance  measurements  did  not  produce  the  antici¬ 
pated  results  that  would  measure  specific  color  changes. 
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Combination  £l  -  Bsst-spinach  (75%  -  25%) 

Results  of  the  chemical  analyses  are  shown  on  Tables  28  through  30. 

a.  Ascorbic  acid 

The  loss  o^  ascorbic  acid  is  rapid  and  the  percentage  of  loss 
is  directly  related  to  the  storage  relative  humidity.  The  faot 
that  after  one  month  at  0%  R.H.,  the  control  samples  lost  over 
50%  indicates  that  factors  other  than  R.H.  are  involved  in  ascorbic 
acid  stability.  Increasing  the  storage  R.H.  from  0%  to  31.9% 
resulted  in  a  20%  greater  loss  after  one  month  and  almost  a 
total  loss  (00%)  after  two  months  storage  at  this  high  humidity. 

The  and  P2  values  were  nearly  the  same  as  Pq  values,  Indies* 
ting  that  compression  did  not  have  any  enhancing  or  detrimental 
effects  on  ascorbic  acid  stability. 

b.  Beta-carotene 

The  greatest  loss  of  beta-carotene  occurred  during  the  first 
month  of  storage.  Deterioration  continued  in  the  second  month, 
but  at  a  lower  rate.  The  relatively  little  increase  in  lose 
between  the  second  and  third  months  at  0,  3,  and  7%  R.H.  might 
indicate  that  further  carotene  deterioration  is  inhibited  at 
these  R.H. 's. 

Higher  storage  R.H.'s  did  not  retard  the  deterioration  of  caro¬ 
tene,  for  additional  losses  are  noted  after  three  months  at 
20.4%  and  31.9%  R.H. 

The  results  of  compressed  and  uncompressed  samples  show  only 
slight  difference,  indicating  that  compression  had  no  adverse 
or  beneficial  value. 

c.  Me  lone  Ida  hy  da 

The  results  obtained  were  all  negative,  and  as  mentioned  earlier, 
it  is  difficult  to  relato  these  results  to  lipid  deterioration. 

If  the  amount  of  malonaldehyde  present  is  an  indication  of 
deterioration  or  rancid  conditions,  then  the  samples  stored  at 
the  lower  R.H.  levels  should  be  considered  less  acceptable 
than  those  et  the  higher  R.H,  levels.  Ths  values  of  all  R.H. 
lavels  the.  1  tsnd  to  separata  into  thres  distinct  group#  at 
the  end  of  three  month*. 

The  result#  of  the  conpreased  end  uncompressed  sanplea,  though 
not  consistsnt,  appear  to  indicate  that  compression  had  no 
affect  on  ths  results. 


19 


«L  Reflectance 

There  *as  a  general  trend  for  the  sample*  to  get  lighter  during 
three  months  of  storage,  "he  relative  humidity  levels  did  not 
seem  to  ha  -e  a  significant  effect  ,  but  pressure  lid  show  a 
definite  effect  during  storage.  While  the  compressed  samples 
became  lighter  during  storage,  the  uncompressed  became  darker 
la  comparison  betwee..  the  compressed  samples,  the  higher  com¬ 
pression  made  the  samples  show  lighter  results. 

Coat  Jatioa  #2  -  Beef-egg  (50%  -  50%) 

Tfce  results  of  the  analyses  performed  on  this  combination  are 
summarized  on  Tables  31  and  32. 

a.  Beta-carotene 

Aa  shown  in  the"  tabulated  results  on  Table  31,  beta-ceirotene 
fellows  the  trends  noted  it.  the  beef-spinach  combinations. 

The  initial  storage  periods  showed  the  greatest  loss  followed 
by  lasses  at  a  lower  rate.  Samples  compressed  at  the  higher 
levels  showed  lower  «alues,  indicating  that  compression  nay 
have  nome  minor  beneficial  effect. 

The  lower  losses  at  the  lower  R.H,  indicate  that  deterioration 
ie  affected  by  storage  R.H. 


b.  Malonaldehyde 

It  should  be  notjd  that  some  of  the  results  were  negative  and 
these  generally  occurred  at  the  higher  R.H.'s, 

Storage  at  0,  3,  and  7%  R.H.  resulted  in  greatest  malonaldehyde 
formation  and  at  the  end  of  three  months  the  0%  storage  R.H. 
•hewed  the  greatest  amount  formed. 

The  higher  R.H.'s  retarded  but  did  not  inhibit  maloealdehyde 
formation,  as  evidenced  by  the  increase  during  the  one  to 
tferee  months  storage. 

The  higher  compressien  level  appeared  to  have  some  beneficial 
effect,  especially  at  the  lower  R.H,  levels  end  after  three 
■eetha,  where  greeter  malonaldehyde  formation  occurred. 

c.  Reflectance 

Although' "there  was  quits  a  variation  in  results,  there  was  a 
general  trend  for  the  samples  to  become  darker  during  the  first 
two  periods  of  sterage,  then  there  appeared  to  be  some  reverse 
reaction  during  the  third  month  of  storage  which  made  the 
sanfilee  lighter  than  before  storage.  The  extreme  levels  of 
R.H,  of  0%  and  32%  shewed  the  least  amount  of  ohange  during 
storage  and  pressure  treatments  did  not  soew  any  e  f feet  on  the 
results. 
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Combination  #3  -  Beef-spinach  f 39%  -  61%) 

The  four  analyser  run  on  this  combination  are  shown  on  Tables  33 
throufh  35, 

a.  Ascorbic  acid 

As  noteil  with  Combine? ion  #1,  ascorbic  acid  deterioration  is 
rapid,  and  this  beef-spinach  combination  is  no  different;  only 
50%  of  the  original  ascorbic  acid  remained  after  one  month 
storage.  And  as  mentioned  ea  lier,  increasing  the  R«H.  level 
greatly  enhances  the  deterioration  rate.  The  effects  of  com¬ 
pression  did  not  exert  any  beneficial  or  detrimental  effects 
on  ascorbic  acid  retention. 

b.  Beta-oarotene 

The  greatest  percentage  of  loss  occurred  during  the  first 
month.  Subsequent  losses  were  less  and  the  leases  between  the 
second  and  third  month  showed  the  smallest  increase. 

The  effect  of  R.H.  dee a  not  aopear  to  affect  the  deterieration 
rate  too  greatly  in  the  first  month,  but  the  cumulative  effects 
of  time  end  higher  R,H.  level  resulted  in  further  oaretene 
losses  at  the  end  of  three  months. 

Results  of  the  compressed  samples  were  net  significantly 
different  from  the  uncompressed,  indicating  that  compression 
had  little  effect  on  the  results. 

c.  Malonaldenyde 

As  noted  ea. lier,  there  was  a  loss  in  malenaldehyde  instead  of 
an  expected  gain  on  progressive  storage.  The  results,  from  a 
numerical  standpoint,  indicate  that  the  R.H.  range  from  3%  to 
11.1%  produces  some  action,  either  protective  or  detrimental, 
during  the  storage  periods.  The  values  after  the  first  month 
at  3  -  11.1%  R.H.  remained  fairly  constant,  indicating  that 
lover  R.H.'s  may  inhibit  or  retard  the  reactions  taking  place. 

The  difference  between  compressed  and  uncempresaed  end  between 
tne  cempreseien  levels  reveals  that  corap res sien  treatments  do 
not  have  any  effect  on  the  outcome  of  results, 

d.  Reflectance 

In  centrist  "te  Cembinatien  #1,  these  samples  becems  progressively 
darker  with  increased  storage,  but  the  increased  relative  humidity 
did  net  shew  any  significant  effect.  Altheugh  the  results  varied, 
pressure  did  net  seem  te  affect  the  samples,  except  that  there 
seemed  to  be  seme  reversible  reactiens  during  the  ascend  month. 
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Combination  #4  -  Spinach-eggs  (25%  -  75%) 

Results  of  the  analyses  performed  on  this  combination  are  summarized 
on  Tables  36  through  38. 

a.  Ascorbic  acid 

The  destruction"  of  . 3corbic  acid  in  this  combination  follows 
the  pattern  of  the  other  spinach  combinations.  At  the  end  of 
one  month  storage,  there  was  again  approximately  50%  loss  at 
0%  R.H.  and  this  destruction  became  progressively  greater  with 
increasing  R.H. 

The  results  of  compressed  and  uncompressed  samples  indicated 
no  beneficial  or  adverse  effects  on  ascorbic  acid  retention  by 
comparison. 

b.  Carotene 

Carotenoid  losses  increased  with  progressively  longer  storage 
period,  and  increasing  R.K,  does  not  appear  to  have  an  accel¬ 
erating  effect.  The  effect  of  storage  time  and  R.H.  is  cumulative, 
as  noted  at  the  31.9%  R.H.  after  three  months,  which  showed 
the  greatest  loss. 

Compression  does  not  affect  carotene  retention  in  the  early 
storage  stage,  but  at  the  end  of  the  three  month  storage  period 
the  higher  compression  levels  appeared  to  exert  a  very  slight 
retentive  action. 

c.  Malonaldehyde 

The  results  indicate  that  malonaldehyde  content  increases  with 
storage,  indicating  that  lipid  deterioration  is  taking  place. 

The  greatest  deterioration  occurred  at  0%  R.H.,  and  deterioration 
decreased  with  increasing  storage  R.H.  High  R.H,  conditions 
apparently  result  in  lower  malonaldehyde  production. 

Malonaldehyde  production  was  also  affected  by  the  two  pressure 
treatments.  The  values  between  pressure  levels  and  between 
compressed  and  uncompressed  samples  reveal  the  beneficial 
effects  of  compression.  The  results  show  that  3ome  compression 
is  better  than  none,  and  the  higher  the  compression  level  the 
greater  the  beneficial  effect. 

d.  Reflectance 

These  residues  became  significantly  lighter  during  the  first 
month  of  storage  and  then  became  darker  during  the  two  succeeding 
months  of  storage*,  during  the  second  month  of  storage  there 
appeared  to  be  a  reverse  reaction  which  made  some  of  the  residues 
even  darker  than  they  were  initially,  and  they  appeared  to  get 
lighter  again  during  the  third  month.  Relative  humidity  seems 
to  make  differences,  but  in  no  set  pattern.  Pressure  had  little 
effect  except  that  there  appeared  to  be  a  greater  amount  of 
change  in  the  compressed  samples  during  storage. 
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Combination  iK5  -  Beef-potatoes  (55%  -  45%) 

Tha  results  of  the  three  tests  for  storage  stability  for  this 
combination  are  on  Tables  39  and  40. 

a*  Free  fatty  acid 

Tha  free  fatty  acid  values  of  all  the  one  month  storage  samples 
are!  for  the  most  partt  identical,  indicating  pressure  and  R.H. 
had  no  effect  on  free  fatty  acid  formation.  During  the  second 
and  third  months,  increases  in  free  fatty  acids  are  noted  at 
the  0%  and  31.9%  R.H.  levels.  The  values  in  the  middle  R.H. 
ranges  remained  fairly  constant,  indicating  that  extremely  low 
and  high  R.H.  increases  formation  of  free  fatty  acid. 

The  results  of  compression  indicate  that,  for  the  most  part, 
compression  treatments  did  not  have  any  significant  effects 
on  free  fatty  acid  formation. 

b.  Malonaldehyde 

In  the  first  month,  the  greatest  amount  of  malonaldehyde  produced 
was  at  0%  R.H.  and  the  least  at  31.9%.  Additional  gain  in 
malonaldehyde  at  the  lower  R.H.'s  occurred  at  the  end  of  two 
months,  and  apparent  losses  were  noted  at  the  higher  R.H.'s. 
Nearly  all  the  samples  at  all  R.H.'s  were  negative  after 
three  months,  precluding  further  conclusions. 

Although  it  is  not  known  what  occurs  during  the  three  intervals, 
compression  did  not  have  any  noticeable  effect  on  the  results. 

c.  Reflectance 

Pressure  Kadi  little  effect  on  these  samples,  but  the  different 
R.H.  levels  had  a  definite  effect.  The  samples  stored  at  0% 

R.H.  showed  a  small  change  in  the  samples,  becoming  darker.  This 
level  of  darkness  remained  somewhat  constant  for  the  remaining 
months  of  storage.  Samples  stored  at  the  two  highest  levels 
of  R.H,,  25%  and  32%,  got  darker  but  reached  their  darkest 
level  during  the  second  month  of  storage  and  went  back  to  about 
the  same  level  during  the  third  ronth  as  they  had  been  during 
the  first  month  of  storage.  Samples  stored  at  the  middle 
levels  of  R.H.  got  darker  progressively  through  the  second 
month,  but  during  the  third  month  they  appeared  to  be  lighter 
than  they  were  initially. 

Combination  #6  -  Cabbage-carrots  (82%  -  18%) 

Combination  jl  -  Cabbage-carrots  (b4%  -  36%) 

The  results  ef  the  analyses  on  these  two  combinations  are  shown  on 
Tables  41  through  44.  Because  of  similarities  in  results,  these 
two  combinations  are  discussed  together. 
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a.  Ascorbic  acid 

Ascorbic  acid  losses  were  lowest  at  the  lower  storage  R.H., 
and  greater  losses  occurred  with  increasing  storage  R.H,  With 
Combination  #7,  the  compressed  samples  lost  more  ascorbic  acid 
than  the  uncompressed  controls  at  higher  storage  R.H.  Compressed 
samples  of  Combination  #6  also  exhibited  some  evidence  of  greater 
ascorbic  acid  destruction  over  uncompressed  at  the  higher  storage 
R.H.'s.  From  the  available  data  there  appears  to  be  no  consis¬ 
tent  effect  of  compression  on  ascorbic  acid  retention. 

b.  Carotene 

The  freeze-dried  carrots  had  bleached  to  a  very  light  color 
even  before  compression.  The  loss  in  color  was  not  uniform, 
for  an  occasional  deeper-colored  piece  could  be  seen  in  the 
stored  compressed  discs  during  preparation  for  extraction.  In 
spite  of  thorough  blending,  some  of  the  discs  included  the 
occasional  darker  pieces,  which  affected  the  results. 

In  view  of  the  above,  it  is  not  possible  to  draw  confident 
conclusions  from  the  data.  Based  on  the  available  data,  it 
appears  that  one-half  of  the  carotene  is  lost  on  two  months 
storage . 

c.  Reflectance 

Both  combinations  grew  progressively  darker  with  increased 
storage  and  R.H.  levels.  The  greatest  darkening  occurred 
during  the  fourth  month  of  storage.  Some  variations  in  degree 
of  darkening  occurred  with  the  compressed  samples,  but  generally 
the  differences  between  compressed  and  uncompressed  samples 
were  small,  and  compression  cannot  be  considered  a  significant 
factor. 

Combination  #8  -  Strawberry-apple  (50%  -  50%) 

Results  of  the  chemical  analyses  for  this  combination  are  on  Tables 
45  and  46. 

a.  Ascorbic  acid 

Ascorbic  acid  destruction  increased  with  progressive  increases 
in  R.H.,  as  experienced  with  the  other  combinations.  The  limited 
data  available  indicates  that  the  rate  of  ascorbic  acid  destruction 
is  not  affected  by  the  compression  treatments.  The  storage  R.H., 
on  the  other  hand,  had  an  accelerating  effect  on  the  rate  of 
destruction. 

b.  Anthocyanin  pigments 

The  results  indicated  that  degradation  increased  with  storage 
R.H.;  but  the  best  storage  humiuity  appears  to  be  3%,  After 
one  month  storage,  compression  does  not  appear  to  exert  any 
influence  on  the  results,  while  at  the  end  of  three  months, 
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compressed  samples  in  the  middle  R.H,  levels  showed  greater 
retention  of  anthocyanin  pigment.  Samples  stored  at  31.9% 
after  three  months  showed  that  the  beneficial  effects  of  com¬ 
pression  were  overcome  by  the  high  storage  R.H. 

c.  Reflectance 

The  residues  became  darker  with  storage,  but  the  different  R.H. 
levels  had  a  definite  effect  on  the  rate  and  the  degree.  At 
the  higher  levels  of  21.4%  and  31.9%,  the  residues  appeared  to 
develop  a  degree  of  uarkness  that  remained  more  or  less  constant 
during  the  remaining  two  months  of  storage.  The  residues  from 
the  other  R.H.  levels  appeared  to  be  the  lighter  during  the 
second  month  of  storage,  showing  some  reversible  reaction. 
Compression  seemed  to  show  a  greater  degree  of  change  in  the 
lower  R.H.  levels,  but  had  no  effect  at  the  higher  levels  of 
31.9%  and  21.4%. 


2.  Organoleptic  analysis 

In  evaluating  the  results  of  the  taste  panel,  it  should  be  remembered 
that  where  the  mean  squares  for  the  treatments  is  not  significantly 
larger  than  the  Taster  x  Treatment  mean  squares,  the  conclusions 
drawn  by  this  panel  might  be  different  than  conclusions  drawn  by 
another  panel  evaluating  the  same  material. 

As  expected,  some  combinations  were  more  acceptable  than  others. 
Listed  below  are  means  of  the  hedonic  scale  ratings  for  each  food 
combination : 


Food  Combination  and  % 

Flavor 

Odor 

Beef-spinach  (75/25) 

6.3 

6.2 

Beef-eggs  (50/50) 

6.3 

6.2 

Beef-spinach  (39/61) 

6.1 

6.2 

Spinach-eggs  (25/75) 

6.4 

6.1 

Beef-potato 38  (55/45) 

6.4 

6.4 

Cabbage- carrots  (82/18) 

5.0 

5.3 

Cabbage-carrots  (64/36) 

5.1 

5.2 

Apples-strawberries  (50/50) 

6.5 

6.4 

The  cabbage-carrot  combinations  were  rated  the  poorest  by  the  panel, 
while  the  apple-strawberry  combination  was  rated  the  best.  Close 
behind  the  apple-strawberry  were  beef-potatoes,  spinach-eggs,  beef- 
spinach  (75/25),  beef-eggs,  and  beef-spinach  (39/61).  The  75/25 
combination  of  beef  and  spinach  was  rated  slightly  higher  than  the 
39/61  combination,  probably  because  it  had  more  beef. 

For  combinations  containing  similar  components,  there  does  not  appear 
to  be  any  correlation  between  flavor  and  odor. 
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Among  the  four  combinations  containing  beef,  the  beef-potatoes 
combination  scored  the  highest,  although  not  by  any  large  margin. 

With  the  combinations  containing  spinach,  the  spinach-egg  combi¬ 
nation  scored  higher  than  the  two  beef-spinach  mixtures. 

In  the  following  paragraphs,  some  of  the  more  salient  effects  of 
compression,  storage  R.H.,  storage  period,  and  combination  variables 
on  acceptability  are  presented.  Following  this  discussion  is  the 
interpretation  of  the  organoleptic  evaluations  of  each  of  the  eight 
food  combinations. 

a.  Effects  of  compression  vs.  uncompressed 

The  effect  of  compression  on  acceptance  varied  with  the 
different  types  of  combinations. 

The  comprersed  beef  combinations  were  preferred  over  the 
uncompressed  combinations  with  the  exception  of  the  beef-egg 
combination.  The  beef-spinach  combination  with  the  higher  beef 
content  showed  the  greatest  effect  of  compression.  For  both 
beef-spinach  combinations,  the  order  of  increasing  acceptance 
was  the  same:  Po,  P2,  and  Pit  indicating  a  favorable  compression 
level. 

The  effect  of  compression  on  tbi  beef-egg  and  spinach-egg  combi¬ 
nations  was  slight,  but  the  highest  compression  level  resulted 
in  the  poorest  ratings;  high  compression  with  these  combinations 
appears  to  have  some  undesirable  effects. 

The  evaluation  of  compression  effects  on  acceptance  with  combi¬ 
nations  containing  spinach  was  not  possible.  Acceptability 
was  markedly  influenced  by  the  component  foods,  and  these 
component  variables  obscured  comparison  of  compression  variables. 

The  panel  showed  a  slight  preference  for  the  uncompressed  samples 
of  both  cabbage-carrot  combinations  except  for  samples  stored 
for  four  months. 

The  results  of  compression  on  the  strawberry- apple  combination 
revealed  that  acceptance  was  adversely  affected  by  pressure 
treatments. 

b.  Storage  effects 

The  :  torage  periods  brought  about  several  interesting  effects 
depending  upon  the  particular  combination.  There  was  not  a 
general  decline  in  acceptance  with  increase  in  storage  period, 
but  there  were  isolated  cases  where  this  was  true  arid  this  is 
discussed  below.  The  effects  of  storage  period,  however,  varied 
with  the  R.H.  and  compression. 


The  acceptance  of  ail  of  the  beef  combinations  followed  the 
sane  pattern  with  some  deviations: 

There  was  an  increase  in  acceptance  up  to  one  month  storage 
and  a  drop  at  three  months  storage,  with  some  variations  due 
to  R.H.  (the  higher  levels  of  R.H,  tended  to  show  more  deter¬ 
ioration  over  storage).  The  beef-spinach  combinations  were 
affected  the  most  by  storage,  the  beef-potato  combination  the 
least. 

Both  beef  and  spinach  combinations  reacted  to  storage  in  much 
the  same  manner,  in  that  there  was  an  increase  in  acceptance 
at  one  month  storage  followed  by  a  decrease  in  acceptance  at 
two  and  three  months  with  some  variations  due  to  R.H.  The 
stored  31/69  beef-spinach  combination  dropped  below  the  initial 
control  samples  in  acceptance,  whereas  the  75/25  combination 
dropped  to  the  same  level  as  the  control  samples.  The  75/25 
beef-spinach  combination  was  more  acceptable  than  the  31/69 
combination  after  the  storage  period. 

The  effect  of  storage  on  the  spinach-egg  combinations  varied 
with  compression  treatment,  where *9  the  effect  of  storage  on 
the  beef-egg  combinations  varied  with  R.H.t  therefore,  storage 
effects  with  the  egg  combinations  cannot  really  be  compared 
due  to  different  interactions.  The  same  can  be  said  for  the 
spinach  combinations. 

The  64/36  cabbage-carrot  combination  showed  the  effect  of 
storage  more  than  the  82/18  combination.  The  results  of  both 
combinations  were  somewhat  similar  in  that  storage  made  the 
samples  more  palatable,  but  there  were  some  variations  due 
to  compression. 

There  was  little  or  no  statistically  significant  effect  of 
storage  on  the  apple-strawberty  combination  although  the  means 
of  the  hedonic  ratings  did  decline  with  increase  in  storage. 

c.  Effect  of  relative  humidity 

Generally  speaking,  samples  stored  at  the  three  highest  R.H. 
levels  were  scored  lower  in  acceptance  than  the  three  lower 
R.H.  levels,  but  there  were  variations  due  to  the  cumulative 
effects  of  compression  and  storage  period. 

All  of  the  beef  combinations  followed  the  general  trend,  but 
with  variations  due  to  storage  period  (the  higher  levels  of 
R.M,  tended  to  show  less  acceptability  after  storage).  The 
beef-spiaach  coebinations  were  affected  most  by  the  cumulative 
effects  of  storage  and  R.H.,  and  the  beef-potato  combination 
the  least. 
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The  two  beef-spinach  combinations  followed  the  same  pattern 
with  respect  to  the  effect  of  R.H.,  with  some  deviation*.  The 
$1/39  beef-spinach  combination  lost  acceptance  at  the  20.4% 
level,  whereas  the  75/25  beef-spinach  combination  was  less 
affected  by  high  storage  R.H. 

The  effect  of  R.H.  on  the  spinach-egg  and  beef-egg  combinations 
varied  with  compression  and  storage  period  respectively.  Both 
the  egg  combinations  cannot  really  be  compared  compression-wise, 
due  to  different  interactions,  and  the  same  can  be  said  for  the 
three  spinach  combinations. 

The  $2/18  cabbage-carrot  combination  showed  the  effect  of  R.H. 
less  than  the  64/36  combination,  although  both  were  somewhat 
similar.  The  panel  exhibited  greater  acceptance  at  the  lower 
R.H,  levels  (there  were  some  variations  due  to  compression). 

The  apple-strawberry  combination  followed  the  general  trend 
with  a  decrease  in  hedonic  ratings  as  the  R.H.  level  increased 
(the  effect  of  R.H.  varied  with  compression).  The  R.H.  effect 
was  particularly  noticeable  at  the  31.9%  leve? . 

Combination  #1  -  Beef-spinach  (75%  -  25%) 

The  statistical  analysis  of  the  taste  panel  results  for  beef-spinach 
(Combination  #1)  discs  are  given  in  Tables  47  and  48.  The  consensus 
#f  the  panel  members  was  that  all  the  treatment  effects  were  highly 
significant.  The  following  interactions  existed,  however-:  Flavor  — 
R.H.  x  Storage  Period,  significant  (Table  49);  Storage  Period  x 
Compression,  highly  significant  (Table  51).  Odor  —  R.H.  x  Storage 
Period  and  Storage  Period  x  Compression,  highly  significant  (Tables 
50  and  52). 

The  samples  stored  at  the  0%,  3.0%,  7.0%,  11.1%  and  31.9%  R.H. 
levels  appeared  to  gain  in  acceptance  and  then  drop  off  as  the 
storage  period  increased.  The  11,1%,  20.4%  and  31.9%  R.H.  levels 
seem  to  be  scored  lower  at  the  various  storage  intervals  than  the 
ether  R.H.  levels  (Tables  49  and  50). 

It  looks  as  though  the  Fj.  samples  are  preferred  over  the  other 
compression  levels,  the  degree  depending  upon  the  storage  level 
(Tables  51  and  52). 

These  results  should  be  tempered  with  the  knowledge  that  the 
fellowing  taster  interactiens  were  found:  Flavor  —  all  Taatar  x 
Treatment  interactions,  highly  significant.  Odor  —  Taatar  x 
Storage  Period  and  Taster  x  Compression,  highly  significant;  Taatar 
x  R.K.,  significant. 


Combination  #2  -  Bsaf-e&gs  (50%  -  S0%) 

Tha  results  of  the  ststistical  analysis  and  the  taste  panel  eval¬ 
uation  of  the  beef-egg  discs  are  given  in  Tables  53  and  54,  The 
panel  concluded  that  there  were  highly  significant  flavor  and  odor 
differences  due  to  storage  period  and  relative  humidity.  A  signi¬ 
ficant  interaction  existed  between  these  two  effects  (Tables  55 
and  56).  Samples  stored  at  0%,  3.0%,  7,0%,  11.1%  and  20.4%  R.H. 
appeared  to  gain  in  acceptance  up  to  one  month  storage  and  then 
drop  off  after  three  months  storage.  The  samples  stored  at  31.9% 
R«H.  seemed  to  be  less  acceptable  as  the  storage  period  increased. 

The  analysis  of  variance  of  the  organoleptic  evaluations  revealed 
a  highly  significant  odor  difference  due  to  compression  not  evident 
flavor-wise.  There  was  a  highly  significant  Storage  Period  x 
Compression  interaction  for  odor  (Table  57).  The  uncompressed 
samples  seemed  to  be  relatively  unaffected  by  storage  period. 

The  compressed  samples  appeared  to  increase  in  acceptability  to 
one  month  and  then  drop  at  three  months. 

These  results  should  be  tempered  with  the  fact  that  the  following 
taeter  interactions  were  found:  Flavor  --  Tasters  x  R.H.,  signifi¬ 
cant;  Tasters  x  Storage  Period,  highly  significant.  Odor  — 

Tasters  x  R.H.,  significant;  Tasters  x  Storage  Period,  highly 
significant;  Tasters  x  Compression,  significant. 

Combination  #3  -  iaef-gpinach  (39%  -  61%) 

The  etatistical  evaluation  of  the  organoleptic  results  for  beef- 
spinach  (#3)  discs  are  given  in  Tables  58  and  59.  The  panel 
■ambers  concluded  that  the  storage  period  and  R.H,  affects  were 
highly  significant.  There  was  no  significant  interaction  between 
these  two  effects.  The  means  of  the  hedonic  scale  ratings  for 
relative  humidity  are  as  follows: 


Relative  Humidity  (%)  Flavor  Odor 


0  6.4  6.3 

3.0  6.3  6.4 

7.0  6.4  6.5 

11.1  5.9  6.3 

20.4  5.6  5.9 

31.9  5.7  6.0 


There  appeared  te  be  e  lest  of  acceptance  for  the  beef  and  apinach 
combination  (#3)  aw  the  percent  relative  humidity  at  which  the 

samples  were  stared  increased. 

Tbs  means  of  the  testa  panel  evaluation*  for  store?*  iod  are 
aa  fellows: 
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Storage  Period  (Mo. ) 

Flavor 

Odor 

0 

5.9 

6.1 

1 

6.5 

6.5 

2 

6.2 

6.5 

3 

5.6 

5.9 

Thu  stored  samples  seem  to  gain  in  acceptance  and  then  drop  off  as 
the  storage  period  increased. 

The  compression  levels  were  found  to  have  significantly  different 
effects  on  the  samples  flavor-wise,  but  evidenced  no  significant 
effect  on  odor.  The  means  of  the  hedonic  scale  ratings  for  compression 
are  as  follows: 


Level 

Flavor 

Odor 

6.0 

5.2 

6.2 

6.3 

5.9 

6.2 

The  samples  appear  to  be  preferred  over  the  other  compression 
levels. 

These  results  should  be  tempered  with  the  knowledge  that  there  were 
highly  significant  interactions  between  the  tasters  and  all  of  the 
treatments. 

Combination  #4  -  Spinach-eggs  (25%  -  75%) 

The  statistical  calculations  for  the  organoleptic  evaluation  of  the 
spinach-egg  discs  are  given  in  Tables  60  and  61.  The  tasters  con¬ 
cluded  that  there  were  highly  significant  flavor  and  odor  differences 
due  to  R.H.  The  effect  of  storage  period  on  flavor  and  odor  was 
significant  and  highly  significant  respectively.  There  was  no 
significant  interaction  between  these  two  effects.  The  means  of 
the  hedonic  scale  ratings  for  relative  humidity  are  as  follows: 


Relative  Humidity  (%)  Flavor*  Odor 


0  6.5  6.3 

3.0  6.4  6.2 

7.0  b.b  6.3 

11.1  6.3  6.3 

20.4  6.2  6.0 

31.9  6.1  5.9 

*  Interaction  (R.H.  x  Compression) 


The  panel  apparently  detected  an  adverse  effect  on  the  odor  of  the 
sarplea  at  20.4  and  21.9%  R.H.  storage.  (Flavor  is  discussed  below.) 
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Although  there  was  no  aignificant  affect  of  compression  on  the 
food,  there  was  a  highly  significant  Compression  x  R.H.  interaction 
for  flavor  (there  was  no  such  interaction  for  odor).  Referring  to 
Table  62,  it  appears  that  the  R.H.  levels  from  11.1%  on  have  an 
increasingly  detrimental  effect  on  the  flavor  of  the  food,  the 
degree  depending  on  the  level  of  compression. 

A  highly  significant  interaction  existed  between  storage  period  and 
eonpression  for  both  flavor  and  odor  (Tables  63  and  64).  The 
effect  of  storage  period  varied  with  compression  level.  The 
and  P2  samples  look  as  ’hough  they  gained  in  acceptance  at  one 
month  storage  and  then  dropped  off  at  twc  and  three  months  storage. 

These  results  should  be  tempered  with  the  fact  that  the  following 
taster  interactions  were  found:  Flavor  —  all  Teeter  x  Treatment 
interactions  were  highly  significant.  Oior  —  Tasters  x  R.H.  and 
Tasters  x  Storage  Period,  highly  significant. 

• 

Combination  #5  -  Beef-potatoes  (55%  -  45%) 

The  results  of  the  statistical  analysis  of  the  taste  panel  evaluation 
of  beef-potato  discs  are  given  in  Tables  65  and  66,  The  panel 
concluded  that  there  wen  highly  significant  flavor  and  odor 
differences  due  to  compression  and  storage  period.  The  effect  of 
R.H.,  on  the  other  hand t  was  not  found  to  be  significant.  The 
following  interactions  existed:  Flavor  —  R.H.  x  Storage  Period, 
significant}  Storage  Period  x  Compression,  highly  aignificant  (Tables 
67  and  69).  Odor  —  R.H.  x  Storage  Period  and  Storage  Period  x 
Compression,  highly  significant  (Tables  68  and  70). 

The  panel  appears  to  have  scored  the  stored  samples  higher  than 
the  control  (0  months)  sample??,  although  this  varied  with  the 
k.H.  l^vel  in  no  significant  pattern  (Tables  67 ,  63). 

The  order  in  which  the  wvmpression  levels  were  scored  varied  with 
the  storage  period  (Tables  69,  70).  The  flavor  of  .he  compressed 
samples  appears  to  be  better  than  that  of, the  uncompressed  samples. 

On  the  other  hand,  the  odor  of  ?i  seems  to  be  scored  lower  than 
that  ef  Pq  and  Pj. 

These  results  should  be  tempered  with  the  feet  that  the  following 
teeter  interectione  were  found:  Flavor  —  Teeters  x  R.H.,  signi¬ 
ficant}  Tasters  x  Storage  Period  end  Teeters  x  Ceapreaeion,  highly 
significant.  Odor  --  Testers  x  Storage  Period  end  Teeters  x 
Compression,  highly  significant. 

Coebinetiem  H  -  Cabbage- aampt  (>?%  -  11%) 

The  statistical  analysis  of  the  teste  panel  results  for  oebbege- 
oerrot  (16)  discs  ere  given  in  Tables  71  end  72.  The  consensus  of 
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the  panel  members  was  that  all  of  the  treatment  effects  were  highly 
significant  for  flavor,  but  wily  the  effects  of  storage  period  were 
significant  (highly)  for  odor.  The  following  interactions  existed: 
Flavor  —  R.H.  x  Storage  Period  and  Storage  Period  x  Compression, 
highly  significant  (Tables  73,  74).  Odor  —  Storage  Period  x 
Compression,  highly  significant  (Table  75), 

Ibe  effect  of  relative  humidity  varied  with  storage  (Table  73). 

It  appears  that  the  quality  of  the  samples  declined  with  increased 
R.H.  level,  depending  on  the  storage  period.  There  seemed  to  ba 
an  inconsistent  rise  in  the  ratings  as  the  storage  period  increased 
for  ail  R.H,  levels  except  the  nighest,  where  the  stored  samples 
wore  scored  lower  than  the  control  samples. 

Regarding  Table  74,  it  looks  as  though  the  uncompressed  material 
was  preferred  over  the  compressed  material  except  for  the  four 
months  storage  samples.  Table  75  shows  an  apparent  increase  in 
acceptability  for  odor  as  the  storage  period  increases,  except 
for  the  uncompressed  samples. 

These  results  should  be  tempered  with  the  fact  that  the  following 
taster  interactions  were  found.  Flavor  —  Tasters  x  R.H.  and 
T*3ters  x  Storage  Period,  highly  significant.  Odor  —  all  taster 
x  treatment  interactions  were  highly  significant. 

Combination  il  -  Cabbage-carrot  (64%  -  36%) 

Tha  statistical  valuation  of  the  organoleptic  results  for  cabbage- 
carrot  (#7)  discs  are  given  in  Tables  76  and  77.  The  panel  members 
coacludad  that  there  were  highly  significant  flavor  differences 
due  tc  the  effects  of  store.*;*;  period  and  R.H.  A  highly  significant 
interaction  existed  between  these  tvo  effects  (Table  78), 

cording  to  Table  73,  the  stored  samples  appeared  to  gain  in 
acceptance  with  time,  although  this  varied  with  R.H.  Greater 
acceptance  i.  kerned  to  be  for  the  sarr.oles  stored  at  "*%,  3,0%,  aid 
7.0%  R.  H,  levels  than  for  the  three  higher  levels. 

Tfca  effects  of  storage  period  and  R.H.  on  odor  were  highly  signi¬ 
ficant  and  significant,  respectively.  There  was  no  interaction 
between  these  two  treatments,  Tne  means  of  the  hedonic  rating  for 
the  various  R.H.  levels  were  as  follows: 


Relative  Humidity  (%) 

Flavor* 

Odor 

0 

5.2 

5.2 

3.0 

5.5 

5.3 

7.0 

5.1 

5.3 

11.1 

4.9 

5.0 

20,4 

5.2 

5.3 

31.9 

4.8 

5.2 

*  Interaction  (R.H.  x  Storage  Period) 


Those  samples  stored  at  11.1%  R.H,  were  apparently  rated  poorer  by 
tbe  panel  than  the  other  sauries  (flavor  discussed  alone). 

The  analysis  of  variance  of  the  organoleptic  evaluations  revealed 
a  significant  flavor  difference  due  to  compression  net  evident 
eder-wise . 

There  was  a  highly  significant  Storage  Period  x  Compression  inter¬ 
act  iso  for  odor  and  flavor  (Tables  79 ,  80). 

Storage  appeared  to  enhance  the  samples  except  for  the  uncompressed 
meter ial.  The  uncompressed  material  seemed  to  be  ecered  more 
favorably  than  the  compressed  material,  flavor-wise,  with  the 
exception  o*  the  samples  evaluated  at  four  months  storage. 

These  results  should  be  tempered  with  the  fact  that  all  of  the 
taster  x  treatment  interactions  were  highly  significant. 

Conciliation  #8  -  Strawberry-apple  (50%  -  50%) 

The  statistical  analysis  calculations  for  the  orgaeseleptic  evaluation 
ef  the  strawberry-apple  discs  are  given  in  Tables  tl  and  82.  The 
tasters  concluded  that  there  were  highly  signifieant  flavor  and 
odor  differences  due  to  compression  and  relative  humidities.  A 
highly  significant  interaction  existed  between  these  two  effects 
(Tables  13  and  84).  The  uncompressed  material  shewed  a  general 
decline  in  acceptance  as  the  percent  relative  humidity  increased. 

The  effect  of  compression  varied  with  R.H.  levels,  but  generally 
speaking,  the  uncompressed  material  appeared  to  be  rated  better 
than  the  compressed  material. 

The  statistical  analysis  of  the  taste  panel  results  detected  a 
highly  significant  odor  difference  over  the  storage  period  not 
evident  flavor-wisa.  The  means  of  the  hedonic  ratings  for  the 
various  storage  periods  were  as  follows: 


Storage  Pariad  Flavor*  Odor 


0  6.6  6.5 

1  6.6  6.4 

2  6.5  6.3 

3  6.4  6.3 

*  Not  significant 


Tbe  storage  periods  appeared  to  have  a  detrimental  effect  on  the 
oder  of  the  samples,  although  the  differeace  between  the  means 
wee  met  greet. 
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These  results  should  be  tempered  with  the  fact  that  the  ro.nowi.ng 
taster  interactions  were  found:  Odor  —  all  Taster  x  treatment 
interactions,  highly  significant.  Flavor  —  Tasters  x  R.H., 
significant;  Tasters  x  Compression,  highly  significant. 


C.  Rehydration  results 

The  results  of  the  rehydration  tests  for  all  eight  combination  foods 
are  summarized  on  Tables  85  through  92.  (Note:  On  some  data  sheets, 
the  rehydration  tiir.es  are  represented  by  dashes  in  the  2-  and/or  3- 
months  columns.  This;  was  a  typographical  omission  --  the  dashes  represent 
identical  rehydration  times  of  the  previous  month.)  Rehydration  was. 
measured  as  the  time  in  minutes  required  for  complete  disintegration 
and/or  apparent  rehydration  in  water  at  68°  F. 

With  few  exceptions,  most  combination  foods  rehydrated  within  a  practical 
time  of  half  an  hour  or  less.  The  tabulated  results  on  the  data  sheets 
are  relative  measurements,  because  it  it  difficult  to  quantify  rehydration. 
The  strawberry-apple  combination  exhibited  rapid  rehydration  of  the 
apples  but  slow  rehydration  of  the  strawberries.  The  cabbage-carrot 
combination  fragmented  rapidly  but  rehydrated  unevenly.  Powdery  or 
granular  combinations  such  as  beef-eggs  and  beef-potatoes  disintegrated 
rapidly  in  water  with  no  measurement  of  particle  rehydration  possible. 

For  discussing  rehydration,  the  combination  foods  can  be  placed  into 
four  groups,  each  group  possessing  slightly  different  rehydration 
characteristics.  The  groups  are  as  follows: 

Group  I  -  Beef -potatoes  and  beef -eggs 

Both  combinations  had  rapid  rehydration  times  of  one  minute  or  less. 

This  rapid  rehydration  time  was  not  affected  by  compression,  storage 
R.H,  or  storage  time. 

Group  II  -  Cabbage-carrot 

These  two  combinations  rehydrated  alike,  in  that  compression  had  a 
moderate  effect  on  rehydration  time.  The  rehydration  times,  however, 
were  not  affected  by  storage  time  or  R.H. 

Group  III  -  Beef-spinach  and  spinach-egg 

The  rehydration  times  of  both  beef-spinach  combinations  was  affected  by 
R.H,  and  somewhat  by  compression.  The  beef-spinach  combination  with  75% 
beef  revealed  that  both  compression  and  R.H,  had  more  significant  effects 
on  rehydration  time.  Compression  affected  the  rehydration  time  of  the 
spinech-egg  combination  significantly,  but  this  significant  difference 
was  not  affected  by  R.H.  or  time. 
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Group  IV  -  Strawberry-apple 


The  strswberry-apple  combination  is  in  this  group  all  by  itself.  The 
rebydration  time  of  this  combination  was  affected  by  compression,  R.H. 
is4,  to  soae  extent,  storage.  This  combination  also  exhibited  long 
rakydration  times.  As  mentioned  earlier,  each  component  of  this  combi¬ 
nation  rehydrated  at  a  different  rate,  and  it  was  possible  to  have  a 
rohydrated  apple  piece  adjacent  to  an  incompletely  hydrated  strawberry. 
Tbs  particle  sizes  ef  the  strawberry  complicated  the  rehydration  test 
since  compressed,  pewdered  strawberries  wetted  more  rapidly  than 
osapr eased  intact  pieces  ef  strawberries. 

In  the  final  analysis,  the  effects  of  compression  on  rehydration  are 
•baaured  by  the  component  rehydration  characteristics  and  particle  size. 
The  effects  of  increasing  R.H.  and  storage  time  appeared  te  have  a 
miner  effect  on  rehydratability . 


IV.  SUMMARY 


This  study  pertained  to  the  effects  of  compression  and  subsequent 
eterege  of  combination  foods  on  compatibility  of  componante ,  moisture 
sorption  characteristics,  and  storage  stability.  Eight  discs  were 
prepared.  Results  varied  slightly  with  the  individual  diaoe,  but 
generally: 

A.  Compression  did  net  produce  differences  in  equilibrium  relative 
humidity  moisture  contents  in  comparison  to  uncompressed  ceepositiona, 
when  moisture  was  measured  by  a  direct  oven  solids  method.  Moisture 
relationships  valid  for  uncompressed  conpositions  should,  therefore, 
held  for  similar  compressed  samples.  With  some  bars,  moisture  levels 
were  determined  by  calculation  from  weight  changes  fwsm  a  known 
initial  moisture  content;  compression  indicated  an  "apparent"  equili¬ 
bration  to  higher  levels.  Causes  of  this  discrepancy  are  not  evident. 

1.  Generally,  storage  stability,  as  measured  by  changes  in  chemical 
competition  and  in  organoleptic  acceptability,  was  not  significantly 
affected  by  compression  at  the  levels  studied.  There  were  isolated 
instances  where  compression  did  result  in  less  loss  of  desirable 
chemical  components.  There  were  several  instances,  beef-spinach  and 
beef-potato  combinations,  where  compression  resulted  in  greater  organo¬ 
leptic  acceptability. 

C.  With  the  exception  ef  the  strawberry-apple  disc,  compression  at  the 
levels  studied  did  aet  significantly  hinder  rehydration.  Is  several 
instances,  the  rehydratien  characteristics  of  the  entire  disc  were 
governed  by  the  properties  sf  sne  sf  ths  components. 
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stability  of  both  compressed  and  uncompressed  discs.  At  the  lower 
relative  humidities,  less  losses  of  ascorbic  acid,  carotene  and  antho- 
cyanin  occurred,  but  enhanced  lipid  deterioration  was  measured  by  change* 
in  malonaldehyde  and  free  fatty  acid  was  noted.  While  free  fatty  acid 
formation  was  lowest  in  the  7%  -  11.1%  R.H.  range  for  beef-potatoes, 
there  was  r.o  other  indication  of  a  narrow  optimum  R.H.  range  or  monolayer 
value  that  was  beneficial  for  maximum  storage  stability. 

A  statistical  examination  of  the  organoleptic  acceptance  scores  for  the 
discs  tabulated  according  to  R.H.  levels  was  usually  obscured  by  inter¬ 
actions  with  compression  and  storage  time.  However,  the  mean  scores 
indicated  that  the  most  acceptable  R.H.  levels  during  storage  were  7% 
and  lower. 

E.  Lipid  oxidation  was  evaluated  by  malonaldehyde  measurement  (TBA  test). 
In  on*  instance  —  Spinach-eggs  —  results  were  as  anticipated.  The 
malonaldehyde  content  increased  with  storage  time  and  at  a  greater 

rat*  at  the  lower  R.H.  levels.  However,  with  the  other  four  lipid- 
containing  combinations,  frequent  negative  results  were  obtained,  even 
at  the  lower  R.H.  levels.  It  is  conceivable  that  combining  the  foods 
either  nullified  the  applicability  of  the  test  or  that  there  may  have 
been  a  protective  effect  on  lipid  breakdown. 

F.  Component  compatibility  per  se  could  not  be  strictly  evaluated. 

The  study  of  the  chemical  and  organoleptic  characteristics  of  individual 
compressed  foods  was  beyond  the  scope  of  the  study.  However,  it  would 
appear  that,  since  there  was  no  indication  of  a  specific  R.H.  level  or 
monolayer  value  *or  best  stability,  all  components  were  compatible  if 
stored  at  R.H.  levels  of  7%  and  lower. 
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TABLE  1 


FOODS  USED  IN  EXPERIMENTS 


X  -  FREEZE-DRIED  FOODS  (-HALE  IM  FMC  PILOT  DRYEJO 


IV 


II 


If  w  Remarks 

Apples,  Diced  Special  pack  of  frozen  diced  apples 

purchased  from  Manteca  Frozen  Foods, 
Manteca,  California 

Beef,  Ground  Local  purchase  of  ground  beef 

Pre-cooked  Moisture  expressed  on  fat-fre e 

basis  (17,8%  fat)  _ _ 


III 

Carrots,  diced 

Produced  from  regular  IQF  frozen 
carrots  -  local  purchase 

II 

Eggs,  scrambled 

Produced  from  Grade  A  whole  eggs, 
produced  according  to  QMC  Limited 
Production  Purchase  Description  - 
Eggs,  pre-cooked,  freeze-dried, 

LP/P  DES  C-203-63  1  February  1963 

Moisture  expressed  on  fat-free  basis 
(22.0%) 

III 

Spinach,  chopped 

Packaged  frozen  spinach  (blanched) 

IV 

Strawberries 

Local  purchase  of  fresh  strawberries 

II  -  AIR-DRIED  FOODS  (PURCHASED) 


XII 


X 


Cabbage,  Raw  Purchased  from  California  Vegetable 

Concentrates,  Modesto,  California 

Potatoes,  Instant  From  R.  T,  Fiench  Co,,  Rochester,  New  York 

white  mashed  Moisture  content  raised  to  16.67%  for 

compression  purposes 


TABLE  2 


INITIAL  MOISTURE  CONTENT*  -  INDIVIDUAL  FOODS 
Expressed  as  %  of  ovan  solids 

Apples,  diced  --  1.75 

Beef,  ground  —  0.45  (moisture  on  fat-free  basis  17.8%  fat) 

Carrots,  diced  —  3.79 

Eggs,  scrambled  —  0.28  (moisture  on  fat-free  basis  22.0%  fat) 

Spinach,  chopped  —  2.0 

Strawberries  —  1.64 

Cabbage  —  2.96 

Potatoes,  instant  mashed  —  16.67  (Initial  moisture  content  of  8% 

too  low  for  compressing  cohesive 
discs.  Moisture  content  increased 
by  incremental  addition  of  water 
and  equilibration  until  16.67% 
moisture  level) 

*  Moisture  determined  by  vacuum  oven  analysis  -  16  hours  at  70°  C. 


FOOD  COMBINATIONS 


Combi¬ 

nation 

number 

Item 

A 

Item  B 

Calculated* 

Final 

RH  Range 

Food 

%  used* 

fc’ood 

%  used* 

1 

Beef 

75 

Spinach 

25 

0-2 

2 

Beef 

50 

Eggs 

50 

0-2 

3 

Beef 

39 

Spinach 

61 

2-5 

4 

Spinach 

25 

Eggs 

75 

2-5 

5 

Beef 

55 

Potatoes 

45 

open 

6 

Cabbage 

82 

Carrots 

18 

8-13 

7 

Cabbage 

64 

Carrots 

36 

13  -  16 

8 

Apples 

50 

Strawberries 

50 

,5-8 

*  Calculation  based  on  Salvin’ a  formula 


Class 

Combi¬ 

nations 

II  6  III 
II  6  II 

II  6  III 
I  6  III 

I  6  II 

III  £  III 

III  6  III 

IV  6  IV 
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TABLE  3 


COMPRESSION  SPECIFICATIONS 
FOR  COMBINATION  FOODS 


Combination 

Number 

Percent 

Mixture 

C  empress ion 
Levels 
psi/30  secs 

Weight  of  mixed 
and  compressed 
sample  (grams)* 

1 

Beef  (75)  +  Spinach  (25) 

Pi  -  300 

20 

P2  -  750 

24 

2 

Beef  (50)  4  Eggs  (50) 

?±  -  500 

20 

P2  -  1000 

22 

3 

Beef  (39)  +  Spinach  (61) 

-  330 

12 

P2  -  1100 

18 

4 

Spinach  (25)  ♦  Eggs  (75) 

Pi  -  500 

16 

P2  -  1000 

17 

5** 

Beef  (55)  +  Potatoes  (45) 

?1  -  3000 

25 

P2  -  4000 

30 

6 

Cabbage  (82)  +  Carrots  (18) 

P,  -’•300 

14 

P2  -  500 

17 

7 

Cabbage  (64)  +  Carrots  (36) 

Pi  -  300 

12 

P2  -  500 

13 

8 

Apples  (50)  +  Strawberry  (50) 

?l  -  200 

10 

P2  -  300 

12 

*  Weight  required 

to  produce  1/2  inch  thick  disc  at 

specified  pressure 

**  Potato  moisture  raised  to  16.67%.  Food  and  die  must  be  at  50°  F.  for  compression. 
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Table  4 


Salts  and  Relative  Humidity  Levels  Used  for 
Moisture-Equilibrium  Relative  Humidity  Isotherms 


CHEMICAL  TESTS  PERFORMED  OH  COMBINATION  FOODS 
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2.47 

2.  *'5 

2.21 

2.32 

2.20 

2.20 

5.02 

5.01 

4.86 

4.86 

5.05 

4.94 

4.87 

4.87 

4.81 

•>.81 

4.60 

4.60 

7,57 

7.56 

7.45 

7.45 

7.61 

7.56 

7  *49 

7.49 

7.31 

7.32 

7.18 

7.18 

10,90 

1C.  94 

10,70 

10.70 

10'  99 

10. ?8 

10.85 

10.85 

10.68 

10.63 

10.51 

10.51 

33.19 

34.28 

34,80 

• 

32.76 

35.71 

36,31 

- 

34.70 

35.01 

34.54 

34.54 

TABLE  21 


Appl«-Str*wb«rry  #8 
100°  F. 

RATE  OF  ATTAINMENT  AFTER  3  STORAGE  PERIODS 
AND  ERH  MOISTURE  CONTENTS 


Rslatlv* 

Hwldity 

Prsiiwf  (p*i) 
Dwsll  (ssc. ) 

Storag*  Tin*  (Months) 

Equilibria. 
A.H.*  ... 

0 

r* 

r* 

200/30 

1.67 

0.25 

0.12 

0.07 

0.07 

0 

300/30 

1.67 

0.24 

0.13 

0.15 

0.15 

Control 

1.67 

-0.15 

-0.28 

-0.33 

-0.33 

200/30 

1.67 

0.83 

0.74 

0.68 

0.68 

3.0 

300/30 

1.67 

0.80 

0.72 

0.69 

0.69 

Control 

1.67 

0.28 

0.00 

0.02 

0.02 

200/30 

1.67 

1.26 

1.09 

0.95 

0.95 

7.0 

300/30 

1.67 

1.23 

1.05 

0.91 

0.91 

Control 

1.67 

0.86 

0.59 

0.40 

0.40 

200/30 

1.67 

2.02 

1.81 

1.61 

1.61 

U.l 

300/30 

1.67 

2.02 

1.82 

1.66 

1.66 

Control 

1.67 

1.83 

1.21 

0.93 

0.93 

200/30 

1.67 

3.60 

3.32 

3.11 

3.11 

20.1 

300/30 

1.67 

3.60 

3.30 

3.07 

3.07 

Control 

1.57 

3.23 

2.87 

2.77 

2.77 

200/30 

1.67 

6.24 

5.80 

5.45 

5.45 

31.9 

300/30 

1.67 

6.25 

5.89 

5.59 

5.59 

Control 

1.67 

5.97 

5.56 

5.19 

5.19 

*  Pvrctnt  ov*n  solids 
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BEEF  COMBINATIONS  -  72°  F. 

Moisture  Contents  expressed  as  %  oven  solids 


7$. 8  *2  »old  17.22  18.23  16.37 

— — —  Cq°tro3‘  17.72  17,25  mold  mold  20.66  18.46  27.48  16.73 

Pi  1100  psi  330  psi  500  psi  2000  psi  -j-  « 

_ P2  2000  psi  1100  psi  1000  psi  4000  osi 


vacuum  oven  analysis I By  direct  we 


1100  pal  330  psi  500  psi  2000  psi 

2000  psi  I  1100  psi  1000  psi  I  4000  psi 


<5 

a 

3 


TABLE  26 


i 

t 

i 

i 


r 

f  EGG  COMBINATIONS  -  72°  F. 

ERH  Moisture  Contents  expressed  ss  %  oven  solids 


i.i 

Relstive 

Pressure 

contents  by  direct  will 

tiini  nsthod 

Humidity 

Trestasnt 

m  nlf  IB 

EllS 

Spinach 

r  1m? — 

*1 

1.03 

0.69 

■n 

0 

p2 

0.79 

0.76 

■■■ 

Control 

0.98 

0.69 

1.40 

pl 

1.93 

1.61 

2.5 

p2 

1.76 

1.71 

Control 

1.79 

1.60 

2.86 

0.68 

1.21 

pl 

3.07 

2.68 

7.0 

P2 

2.89 

1.78 

Control 

2.84 

2.79 

3.56 

1.68 

2.51 

Pi 

3.31 

3.54 

11.1 

P2 

3,55 

3.44 

Control 

3.53 

3.65 

4.44 

2.33 

3.18 

Pi 

5.04 

5.44 

23.0 

P2 

5.17 

5.31 

Control  _ 

5.22 

5.46 

6.90 

3.9S 

5.58 

Pi 

6.52 

6.91 

32.9 

P2 

6.55 

7.03 

Control 

6.37 

7.08 

9.85 

6.86 

Pi 

8.21 

8.73 

43.7 

**2 

8.32 

8.63 

Control 

7.86 

8.54 

11.25 

8.55 

Pi 

19.72 

cwld 

75.8 

P2 

20.11 

18.23 

Control 

sold 

27.48 

18.46 

20.86 

Pi 

500  psi 

500  psi 

_ h _ 

1000  psi 

1000  psi 
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TABLE  98 


COMBINATION  #1  -  SPINACH  AND  BEEF 
251  -  75% 

PERCENT  LOSS  OF  CAROTENE 


\ 


Flrotot 

Relative 

Humidity 

_ Storage  Ftrlodi _ 

- T 

1  Mqpth 

3  Month* 

>0 

?1 

*2 

*0 

Pi 

*2 

Pq 

Pi 

P  2 

0 

21.7 

21.0 

20.2 

29.6 

27.7 

27.0 

30.4 

33.1 

32.0 

3 

22.0 

20.8 

20.9 

29.4 

28.8 

27.5 

29.0 

33.2 

32.8 

7 

22.3 

23.0 

22.6 

32.3 

30.4 

30.2 

33.8 

34.2 

34.1 

11.1 

24.0 

24.0 

23.9 

31.8 

31.3 

30.7 

33.9 

36.4 

34.9 

20.4 

24.3 

23.5 

23.0 

32.2 

30.6 

30.1 

35.5 

35.5 

35.3 

31.9 

25.6 

26.3 

25.9 

32.0 

32.2 

31.8 

36.5 

36.9 

37.2 

PERCENT  LOSS  OF  ASCORBIC  ACID 

Storage  Period* 

Relative 

2  Month* 

Humidity 

P0 

>2 

po 

P1 

po 

P2 

0 

50.7 

50.8 

50.8 

60.8 

58.3 

58.3 

66.8 

68.0 

66.7 

3 

53.4 

53.0 

53.0 

66.6 

66.1 

67.0 

74.0 

74.5 

74.6 

7 

55.1 

56.1 

56.2 

67.6 

67.9 

67.9 

77.4 

75.5 

75.7 

11.1 

57.4 

56.0 

58.2 

75.5 

74.6 

74.6 

80.8 

78.7 

78.8 

20.4 

59.1 

57.4 

57.4 

86.5 

85.3 

82.9 

69.8 

88.6 

88.7 

81.9 

62.6 

60.5 

60.5 

88.7 

88.9 

89.8 

90.8 

91.0 

89.9 

Pj  •  300  pai/30  nc 
?2  •  750  pei/30  mc 


TABLE  29 


COMBINATION  li  -  SPINACH  AND  BEEF 
25%  -  75% 

PERCENT  LOSS  OF  MALONALDEHYDE 


ill 

Starts*  Periods 

1  Month 

2  Months 

3  Months 

p. 

pi 

P2 

po 

P1 

P2 

po 

P! 

" p* 

0 

18.9 

18.7 

17.4 

20.1 

19.7 

21.9 

19.3 

23.6 

24.2 

3 

18.61 

18.9 

18.2 

21.1 

20.6 

22.9 

18.0 

21.1 

25.3 

7 

17.2 

14.8 

16.7 

21.8 

22.5 

23.2 

33.5 

24.5 

29.2 

11.1 

18.8 

19.1 

17.6 

24.9 

23.6 

29.1 

33.9 

35.8 

37.1 

20.4 

22.3 

21.5 

25.0 

29.8 

28.3 

27.0 

43.2 

42.7 

44.? 

31.9 

22.7 

24.9 

23.9 

34.2 

39.3 

36.2 

43.5 

42.9 

43.1 

PA  •  300  psi/30  stc 
P 2  ■  750  psi/30  mc 


$5 


TABLE  30 


COMBINATION  #1  -  BEEF  AND  SPINACH 
75%  -  25% 

PERCENT  GAIN  OF  REFLECTANCE 


Ftrcunt 

Rsiativs 

Huaidity 

ktoraga  Parioda 

1  Month 

5 

3  Months 

^0 

Jl 

P2 

FV 

pi 

— PT 

Po 

tl 

P2 

0 

500 

-16.9 

13,8 

6.4 

-11.9 

9.8 

-10.6 

* 

9.8 

14.6 

530 

-15.9 

17.3 

8.1 

-10.9 

9.8 

-10,4 

ft 

9,3 

15. S 

655 

-16.3 

17.9 

10.1 

-2.3 

17.1 

0 

* 

23.8 

32.1 

3 

500 

-9.0 

2.8 

10.8 

-11.9 

15.2 

-6.1 

* 

23.4 

27.7 

530 

-7.0 

2.7 

11.9 

-11.6 

14,3 

-2.9 

* 

21.5 

26.6 

655 

-7.4 

2.8 

10.1 

-10.0 

18.6 

-17,6 

a 

27.3 

45.8 

7 

500 

-2.9 

6.9 

6,4 

-2.0 

8.5 

3.0 

* 

13.5 

11.5 

530 

4.6 

6.6- 

6.2 

-3.4 

-5.5 

-8.9 

* 

14.5 

12.2 

655 

7.0 

4.2 

5.5 

8.2 

-15.9 

-11,8 

* 

15.3 

12.5 

•11.1 

500 

-12.0 

8.9 

9.2 

-15.6 

-2.4 

3.0 

ft 

6.2 

12.3 

530 

-11.6 

10.2 

11.6 

-15.9 

-.91 

3.9 

* 

5.9 

14.1 

655 

-7.8 

4.2 

10.1 

-15.0 

-6 , 4 

-3.8 

* 

3.1 

18.8 

20.4 

500 

-6.9 

15.8 

2.4 

-16.9 

-9.8 

19.7 

* 

6.2 

38.5 

530 

-5.2 

17.2 

3.5 

-17.2 

11,3 

20.9 

ft 

7.6 

7.4 

655 

-.73 

22.6 

5.5 

-13.6 

17.1 

17.6 

* 

3.1 

7.5 

31,  S 

500 

-5,5 

-6,5 

6.4 

-16.9 

14.3 

5.8 

* 

14.2 

20.0 

530 

-1.8 

-2.3 

6.2 

-17,2 

14.3 

4.5 

ft 

14.5 

19.3 

655 

10,9 

2.8 

5.5 

-15,9 

17.1 

5.9 

* 

19,2 

25.0 

*  Valuas  not  &v«il«bl« 


TABLE  31 


%■ 

i' 

t 


COMBINATION  #2  -  BEET  AMD  EGOS 
SOI  -  SOI 

PERCENT  LOSS  OF  CAROTENE 


i 


rmrcmt 

Relative 

Humidity 

fetorege  Psriodo 

1/2  Month 

P9 

^2 

po 

1  Hpith 

^2 

>0 

V 

0 

13.7 

13.4 

13.5 

19.0 

17.3 

17.34 

23.5 

25.0 

25.3 

3 

12.  S 

14.4 

14.3 

20.4 

16.8 

16.8 

28.5 

28.9 

26.9 

7 

15.8 

15.2 

10.5 

20.8 

19.8 

20.3 

31.3 

31.7 

28.6 

11.1 

18.4 

10.7 

10.0 

24.5 

21.6 

23.0 

35.3 

35.5 

32.8 

20.  4 

21.2 

20.9 

19.4 

27.1 

26.1 

26.4 

39.1 

38.4 

34.8 

31.9 

23.7 

23.4 

20.4 

27.9 

27.5 

27,5 

38.7 

38.5 

35.9 

PERCENT  GAIN  OR  LOSS  OF  MALONALDEHYDE 


Percent 

Relative 

Humidity 

1/2  Month 

1  Month 

3  Months 

'o 

11,1 ,  .  - 

r2 

po 

pl 

P2 

K 

pl 

P2 

0 

12.9 

9.94 

12.4 

37.4 

34.8 

32.9 

71.0 

59.2 

65.2 

3 

15.4 

9.9 

10.9 

23.1 

23.9 

19.4 

02.7 

62.7 

51.1 

7 

1.6 

7,9 

6.1 

34.5 

31.2 

26.7 

43.4 

41.6 

37.0 

11.1 

3.3 

4.9 

4.2 

21.8 

16.3 

18.7 

53.3 

52.7 

51.0 

20.4 

-1.4 

5.5 

4.36 

5.17 

18,2 

-3.1 

35.1 

25.8 

32.5 

31.9 

•1.8 

-  .49 

VS 

• 

-  .44 

.05 

-8.7 

12  .6 

25.1 

18.8 

All  ohaagM  indicate  fain  snoapt  those  aarkad  by  sinus  (-)  sign. 


P^  *  SOO  pol/30  sac. 
Pj  ■  1000  poi/30  ooc. 
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TABLE  32 


COMBINATION  #2  -  BEEF  AMD  EQGS 
SOt  -  sot 

PERCENT  LOSS  OF  REFLECTANCE 


p«rc«nt 

tiflisr  a 

bCSS-TM 

Relative 

1/2  Month 

i 

msam ■ 

Hueidity 

ni< 

- 

Pi 

** 

Eg 

p» 

— 

’  F, " 1 

0 

480 

7.2 

0 

12.4 

♦4.8 

13.6 

4.2 

.92 

2.7 

6.2 

S40 

2.7 

♦1.5 

12.7 

♦5.7 

17.2 

7.6 

♦3.6 

♦1.9 

1.4 

3 

480 

3.4 

0 

7.9 

2.2 

3.2 

4.2 

1.5 

3.4 

6.2 

540 

.81 

♦I.S 

5.5 

1.4 

7.8 

7.8 

♦3.9 

♦3.3 

.28 

7 

480 

♦4.9 

0 

♦  ,l« 

4 

i 

10.9 

6.8 

♦9.2 

♦4.6 

♦4.6 

S40 

♦3.S 

0 

.SI 

2«v 

16.1 

13.6 

♦11.6 

♦10.2 

♦8.8 

11.1 

480 

7.1 

♦8.5 

1.2 

18.7 

13.6 

5.2 

♦6.2 

♦1.5 

♦.92 

540 

•*.* 

♦8.2 

.55 

12.9 

20.5 

10.3 

♦10.2 

♦4.7 

♦4.7 

20.4 

480 

1.4 

♦2.2 

1.2 

0 

10.0 

9.7 

1.5 

3.4 

6.2 

540 

0 

0 

.55 

0 

14.9 

13.6 

♦4.7 

♦3.3 

.28 

31.9 

480 

♦6.3 

0 

3.4 

2.2 

5.5 

2.3 

4.3 

8.9 

9.2 

S40 

♦7.5 

♦.58 

3.6 

1.4 

10.5 

6.7 

.83 

5.8 

4.9 
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TABUS  33 

comrtfAnoN  is  -  ikbacm  abo  bzxt 

61%  -  B9% 

pcbcemt  loss  or  cAsonas 


lhw««at 

ItlAtiVft 

Anility 

—x.  \  Mki 

ML~m 

U3i:TI 

>1 

V 

Fi 

T! 

F* 

0 

29.0 

24.3 

23.9 

29.3 

31.2 

30.9 

39.7 

36.7 

36.3 

s 

20.0 

26.3 

29.9 

32.8 

32.8 

33.0 

37.1 

38.1 

37.8 

7 

27.0 

29.  S 

27.9 

39.7 

37.9 

36.2 

41.1 

40.2 

39.9 

11.1 

27.2 

28.9 

28.1 

38.2 

38. 5 

37.6 

41.81 

42.4 

42.4 

20.4 

27.9 

27.6 

27.1 

38.7 

38.9 

37.7 

43.2 

42.9 

41.8 

>1.9 

28.0 

29.9 

29.1 

39.6 

39.1 

39.1 

49.6 

44.9 

44.8 

PERCENT  LOSS  Of  HALOMALDEHTOE 


IWeaw 

felativ* 

Anility 

mmtm  i7rrrrm  m rr. ran 

I1LT33-M 

tA,2ZIH3 

F« 

Fi 

Fk" 

~Ff 

Fi 

*1 

0 

14.4 

19.0 

17.4 

20.3 

21.9 

21.7 

29.9 

24,  J 

24.6 

3 

6.2 

9.4 

7.1 

18.0 

18.2 

26.6 

16.9 

18.2 

24.1 

7 

1.7 

4.3 

3.9 

20.9 

20.2 

20.7 

36.9 

21.2 

21.9 

U.l 

6.7 

12.6 

6.1 

27.1 

30.4 

29.3 

30.3 

31.0 

28.2 

30.4 

U.l 

17.1 

21.  *> 

37.6 

37.7 

36.1 

43.4 

40.9 

42.5 

31.9 

14,9 

29.6 

3»,tt 

31.7 

31.6 

33.6 

36.2 

36.2 

95.1 

fl  ■  StO  psi/SO  Mt 
F,  •  1100  pol/BO  M« 
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TABLE  34 


COMBINATION  #3  -  SPINACH  AND  BEEF 
61%  -  39% 

PERCENT  LOSS  OF  ASCORBIC  ACID 


Percent 

Relative 

Humidity 

Storage  Perioda 

P(J 

Pi 

p2 

Po 

Pi 

P2 

Po 

Pi 

P2 

0 

48.2 

48.5 

48.6 

52.9 

53.9 

54.0 

63.3 

62.0 

61.4 

3 

49.2 

48.9 

49.5 

66.1 

65.1 

65.0 

74.2 

72.7 

71.5 

7 

50.5 

50.7 

50.1 

72.3 

64.9 

64.9 

83.5 

81.5 

81.0 

11.1 

52.9 

52.9 

51.3 

78.8 

77.0 

77.1 

85.8 

85.3 

87.2 

20.4 

59.4 

56.7 

59.2 

85.8 

85.2 

85.2 

89.0 

87.6 

87.0 

31.9 

61.1 

62.1 

61.3 

87.7 

87.8 

87.9 

91.6 

92.1 

91.6 

Pi  ■  330  pei/30  mc 
?2  *  1100  pei/30  mc 


TABLE  35 


COMBINATION  13  -  BEEF  AND  SPINACH 
39%  -  61% 

PERCENT  LOSS  OF  REFLECTANCE 


i 


1  0 

soo 

7.9 

3.8 

10.0 

8.6 

12.5 

1.6 

24.4 

23.7 

24.7 

530 

♦3.3 

6.9 

9.4 

10.6 

11.7 

1.5 

22.3 

21.3 

22.0 

•ss 

♦23.5 

14.9 

16.6 

20.2 

11.7 

0 

44.1 

43.0 

43.0 

3 

» 

500 

5.2 

♦39.4 

2.5 

♦13,8 

0 

♦17.5 

30.2 

32.5 

32%  1 

j 

530 

5.6 

9.8 

.58 

♦  8.7 

♦1.5 

♦14.1 

27.7 

20,9 

20.0 

’ 

i 

1 

i 

••5 

5.1 

12.8 

10.4 

♦27.8 

♦6.9 

♦58.2 

48.7 

50.4 

5C.4 

.i 

7 

500 

IS. 5 

3.8 

2.5 

3.8 

5.3 

♦22.2 

28.9 

26.0 

25.9 

530 

16.3 

4.1 

.58 

5.9 

4.6 

♦17.6 

21.3 

24.7 

23.8 

6S5 

12.3 

8.5 

9.6 

♦19.3 

6.5 

♦46.7 

44.8 

44.8 

45.3 

11.1 

500 

0 

6.1 

2.5 

8.6 

12.5 

♦14,3 

22.1 

22,7 

22.7 

530 

0 

6.9 

.58 

9.9 

10.8 

♦11.2 

20.1 

19.5 

10.8 

655 

5.3 

12.7 

10.4 

♦6.7 

12,2 

♦24,4 

40.5 

40.5 

40.9 

30.4 

500 

8.6 

♦2.4 

2.5 

♦2.8 

18.7 

14.3 

19.5 

22.1 

20.5 

i 

i 

530 

8.2 

6.9 

.58 

♦4.0 

17.6 

11.7 

17.7 

19.5 

18.3 

l 

655 

11.2 

4.3 

2.1 

♦19.3 

30.4 

24,4 

33.2 

34,5 

33.2 

\ 

1  31.9 

| 

500 

6.9 

♦2,4 

♦  2.5 

8.6 

5.3 

♦1.6 

21.8 

24.0 

22.7 

i 

% 

530 

6.6 

6.9 

♦2.3 

9.3 

5.9 

♦1.5 

19.2 

21.9 

10.2 

i 

655 

11.6 

5.1 

2.1 

6.3 

♦  21.7 

♦4.4 

40.5 

41.8 

40,9 

♦ 

$ 


i 

1 


TABLE  36 


COMBINATION  #4  -  SPINACH  AND  EGGS 
25%  -  75% 

PERCENT  GAIN  OF  MALONALDEHYDE 


Percent 

Relative 

Humidity 

Storage  Periods 

1  kontb 

*0 

h 

1*2 

p0 

ri 

*2 

*0 

^2 

0 

15,8 

7.55 

7.9 

55.3 

41.1 

29.9 

73.8 

52.4 

48.0 

3 

12.9 

10.84 

5.41 

51.7 

43.9 

29.3 

62.8 

53.6 

45.1 

7 

14.8 

14.3 

5.3 

51.3 

34.1 

28.8 

52.5 

50.5 

48.6 

11.1 

9.9 

10.6 

14.5 

48.3 

35.6 

16.1 

45.6 

35.1 

23.4 

20.4 

9.2 

1.5 

1.3 

29.6 

22.4 

12.1 

41.9 

36.9 

31.5 

31.9 

7.6 

2.9 

2.4 

14.5 

8.4 

9.7 

27.7 

18.5 

16.5 

PERCENT  LOSS  OF  CAROTENE 


Percent 

Relative 

Humidity 

Storage  Period 

1  Month 

2  Months 

3  Months 

P6 

Pi 

P2 

*0 

Pi 

P2  ' 

— Po 

Pi 

P2 

0 

25.7 

25.0 

24.2 

32.2 

31.2 

32.3 

37.2 

36.5 

36.0 

3 

25.6 

25.5 

24. B 

32.0 

30.9 

34.5 

37.6 

36.9 

36.5 

7.0 

26.6 

27.3 

27.4 

34.2 

35.6 

35.3 

39.8 

39.8 

38.9 

11.1 

28.3 

27.7 

27.4 

34.0 

35.8 

36.5 

43.8 

41.8 

41.1 

20.4 

28.8 

28.2 

29.0 

34.7 

36.1 

37.6 

45.5 

44.4 

43.0 

31.9 

29.0 

28.6 

28.6 

36.0 

36.8 

38.2 

48.9 

48.6 

45.9 

P^  •  500  psi/30  hc 
?2  «  1000  pei/30  uc 


TABLE  37 


COMBINATION  |4  -  SPINACH  AND  EGOS 
25%  -  75% 

PERCENT  LOSS  OF  ASCORBIC  ACID 


hremt 

Ralatlv* 

Humidity 

—  IN  1  ■  1  '  1  1  ■ 

2  Months - - 

■■6  ■ .  TT3  TVBH 

PI 

Pi 

*2 

^0 

^1 

*2 

n — 

- 

0 

52.6 

49.9 

49.9 

56.1 

55.3 

56.1 

69.2 

•9.0 

66.7 

3 

53.1 

53.3 

52.1 

65.6 

62.1 

65.8 

75.4 

74.2 

71.9 

7 

55.1 

55.5 

55.5 

67.4 

67.6 

66.7 

77.7 

75.4 

74.3 

11.1 

57.5 

57.4 

57.4 

73.3 

76.6 

71.0 

61.0 

77.5 

88.8 

20.4 

62.8 

62.8 

59.5 

84.7 

80.5 

83.2 

it.  7 

69.7 

88.7 

31.9 

64.7 

64.6 

62.5 

88.4 

86.3 

86.5 

93.2 

90.9 

89.8 

Pi  ■  500  ptl/30  mc 
Pj  *  1000  pti/30  mc 
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TABLE  31 


COMBINATION  I*  -  SPINACH  AND  EGOS 
23%  -  73% 

PERCENT  GAIN  OF  REFLECTANCE 


0 

500 

30.1 

•5.7 

05.1 

•1.1 

-12.3 

-U.S 

•10.9 

15.4 

6.3 

330 

36.4 

76.16 

100.0 

3.0 

-0.2 

-8.7 

10.2 

13.1 

3.5 

653 

72.6 

00.7 

06.4 

-13.0 

-21.7 

-18.9 

15.3 

16.5 

0.5 

3 

500 

65.2 

63.3 

76.5 

7.8 

-4.7 

-0 

15.4 

16.6 

4.5 

530 

61.15 

70.2 

•6.4 

13.4 

-1.4 

2.0 

12.6 

14.9 

1.6 

•55 

•2.2 

106.6 

06.4 

-4.8 

-13.0 

-7.6 

15.3 

14.4 

5.7 

7 

500 

60.6 

80.0 

01.2 

6.8 

-.94 

0 

21.4 

21.7 

9.0 

530 

57.6 

75.6 

95.5 

12.1 

3.4 

2.3 

10.2 

18.2 

5.0 

* 

655 

63.6 

60.0 

06.4 

-•.2 

-10.8 

-0.9 

20.5 

20.4 

12.4 

11.1 

500 

73.0 

•8.1 

•7.7 

1.8 

-0.4 

-12.9 

0.3 

-19.9 

-4.5 

530 

•7.3 

•0.4 

00.6 

7.2 

-5.7 

-u.o 

5.6 

8.0 

-7.2 

655 

66.0 

100,0 

•5.0 

-10.0 

-10.6 

-21.2 

15.3 

16.5 

5.8 

20*4 

500 

70.0 

•3.3 

91.2 

-2.5 

-2.5 

-4.8 

6.8 

13.1 

4.5 

530 

65.3 

75.8 

05.5 

0 

0 

-4,3 

5.6 

10.9 

1.3 

655 

•6.3 

100.0 

02.0 

-17.1 

-15.6 

-15.3 

4.4 

10.8 

12.4 

ll.l 

500 

•0.6 

05.2 

02.2 

0.8 

-4.7 

3.5 

6.8 

-17.2 

0 

530 

37.7 

•7.5 

00.0 

11.5 

•1.4 

5.2 

4.3 

10.2 

-2.4 

655 

60.5 

108.6 

100.0 

-8.2 

-14.8 

-4,1 

4.4 

7.6 

-1.6 

7% 


Uitf  w 


comomatioh  is  -  Kxr  aid  wfAToeo 

55%  -  *5! 

racBT  qaiv  or  MUMLoanroc* 


t 


Nrowt 

— 0 

tom*  rwloi 

Rilitlw 

1  kw>»K 

TTontfi 

HnUlty 

V 

p,  ** 

V 

T 

^9 

T 

*1 

0 

M 

U.O 

10.7 

0.37 

0.2 

0.70 

-19.8 

•19.0 

>9.1 

a 

a.7 

7.1 

17.6 

11.7 

17.2 

15.1 

0.0 

7.7 

9.3 

7 

i.i 

1.9 

1.2 

10.0 

10.9 

19.3 

-12.8 

-10.0 

-13.5 

U.l 

a.a 

3.0 

2.7 

-3.2 

-1.1 

-2.9 

•18.9 

-12.5 

-13.1 

20.9 

2.7 

1.2 

2.1 

-5.2 

•3.0 

1.6 

-U.l 

-19.5 

-U.O 

ai.» 

0.09 

0.90 

0.10 

-9.2 

-0.0 

-9.7 

-21.7 

-29.2 

-20.0 

*  All  9km 

,-u- 

kgfdi  mm 

ft  them  6—otid  faf 

ms  rim  acid 

-  CALCULATED  AS  %  OLEIC  ACID 

URBPT™ * 

- SftoruO  NHMI 

telitivi 

Hmidity 

2  WW 

i  NaktM 

—  .rJ 

...i 

- P2 

. *V" 

Tt 

h 

>2 

0 

1.90 

1.51 

1.92 

1.52 

1.50 

1.50 

1.59 

1.00 

1.05 

3 

1.95 

1.35 

1.91 

1.90 

1.90 

1.90 

1.92 

1.52 

1.52 

7.0 

1.30 

1.97 

1.35 

1.99 

1.52 

1.55 

1.80 

1.52 

1.50 

11.1 

1.90 

1.90 

1.97 

1.39 

1.33 

1.92 

1.92 

1.39 

1.99 

20.  A 

1.90 

1.90 

1.97 

1.91 

1.93 

1.93 

1.80 

1.92 

1.93 

31.9 

1.99 

1.90 

1.90 

1.01 

1.00 

1 .03 

1.02 

1.59 

1.00 

•:  *  Cmtfl  -  1.209  %  Olaic  Ael4 

*  3000  psi/90  M« 
r2  *  p9i/ao  mm 
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TABLE  40 


COMBINATION  #5  -  BEEF  AND  POTATOES 
55%  -  45% 

PERCENT  LOGS  OF  REFLECTANCE 


Percent 

■  irriri'1  t 

Relative 

1  Month 

3  Nioatha 

Huej^ity 

»w 

#0 

Pi 

^2 

pi 

'  ^2  ' 

Pi 

f 2 

0 

■ 

480 

8.4 

10.8 

7.3 

4.1 

12.1 

2.1 

6.5 

7.3 

2.9 

540 

8.0 

10.5 

7.7 

3.0 

11.8 

1.9 

4.9 

4.9 

.79 

3 

480 

3.8 

10.8 

10.3 

21.8 

30.2 

21.8 

♦3.7 

♦11.8 

♦21.1 

540 

3.2 

10.1 

10.1 

21.5 

29.3 

21.2 

♦2,7 

.38 

♦19.4 

7 

480 

4.2 

8.6 

7.3 

19.3 

28.2 

18.5 

♦4.9 

♦6.9 

♦14.8 

540 

2.0 

8.5 

7.7 

19.6 

26.9 

16.2 

♦3.4 

♦4.9 

♦13.1 

11.1 

480 

0 

6.0 

4.7 

19.3 

28.2 

13.6 

♦3.7 

♦4.5 

♦10.6 

540 

0 

4.1 

4.5 

16.5 

27.8 

11.5 

♦2.7 

♦3.4 

♦10.3 

30 » 4 

480 

.84 

7.3 

7.3 

16.5 

28.2 

17.7 

13.8 

11.4 

8.9 

540 

4,0 

7.7 

7.7 

15.4 

27.8 

16.2 

10.7 

8.8 

5.2 

31.9 

480 

4.6 

3.0 

4,86 

16.1 

25.4 

14.4 

6.1 

4.06 

.42 

540 

6.0 

1.6 

♦1.? 

12.7 

27.8 

11.5 

1.9 

♦12.5 

♦  3.9 
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TABLE  41 


COMBINATION  #6  -  CABBAGE  AND  CARROTS 
12%  -  ill 

PERCENT  LOSS  OF  ASCORBIC  ACID 


Pareant _ Storata  Parlods 


Ralativa 

Humidity 

' 

■JLZTQTini 

p. 

• 

*2 

>0 

p» 

>2 

N 

*1 

*2 

0 

14.95 

13.98 

14.18 

12.74 

17.63 

12.77 

% 

31.59 

34.11 

3.0 

IB.  01 

16.50 

16.50 

21.37 

21.53 

21.63 

* 

39.36 

39.36 

7.0 

22.75 

20.24 

2Q.24 

30.50 

57.47 

57.37 

a 

53.28 

59.94 

11.1 

32.06 

26.35 

26.60 

42.50 

45.83 

45.83 

t 

68.32 

20.4 

38.12 

36.35 

36.42 

45.80 

57.57 

56.65 

* 

68.02 

68.02 

31.9 

47.12 

50.31 

47.54 

58.54 

60.46 

66.74 

a 

82.25 

82.25 

*  Valuss  not  aval labia 


PERCENT 

LOSS 

OF 

CAROTENE 

Parcant 

■MB.'ilM'J  fTB  Arer*.  rNHNNflM 

Relation 

mmirTmrm 

3 

Months 

'k  koatha 

Humidity 

^8 

P2 

*0 

^2 

*0 

0 

39.6 

39.7 

35.0 

34.65 

46,05 

44.1 

a 

46.5 

47.1 

3.0 

45.4 

59.5 

57.4 

48.37 

66.0 

63.8 

a 

67.3 

C9.5 

7.0 

39.0 

32.8 

43.3 

50.0 

58.5 

60.71 

a 

66.9 

66.7 

11.1 

48.7 

(♦12.6) 

53.3 

52.30 

54.5 

52.3 

a 

64.95 

66.9 

20.4 

56.5 

59.5 

55.0 

63.72 

65.8 

63.6 

a 

72.0 

69.0 

31.9 

55.9 

55.1 

76.5 

56.37 

65.1 

60.5 

a 

79.6 

79.6 

Original  Carotana  -  Rasidual  »  .  «ao  —  i/m« 

- •'JHgM'taSfgS -  —  *  ioo  »  %  Carotana  loat  ri  *  wo 

»  SOO  psi/30  aoc. 


TT 


TABLE  42 


COMBINATION  #6  -  CABBAGE  AND  CARROTS 
02%  -  18% 

PERCENT  LOSS  OF  REFLECTANCE 


Percent 

storage  Periods 

Relative 

S  Months 

3  Months 

4  Months 

Humidity 

ny 

- 

*1..- 

h  _ 

Po 

-  .h...  . 

^0 

Pi 

P2 

0 

S2S 

0 

14.1 

6.6 

2.4 

7.1 

2.9 

A 

16.8 

12.1 

560 

0 

11.1 

3.3 

3.3 

5.9 

2.3 

* 

13.7 

10.8 

600 

.41 

9.4 

3.6 

3.4 

5.3 

2.5 

* 

12.1 

8.0 

3 

525 

5.3 

19.2 

7.9 

12.6 

14.6 

10.1 

* 

25.6 

17.5 

560 

♦4.3 

17.3 

5.1 

9.1 

12.9 

8.2 

* 

22.1 

45.9 

600 

♦3.2 

15.3 

4.8 

8.5 

10.8 

7.4 

* 

20.0 

12.4 

7 

525 

♦8.3 

12.8 

7.9 

11.4 

20.6 

20.8 

* 

39.2 

28.4 

560 

♦7.2 

9.9 

S.l 

8.9 

16.8 

17.6 

* 

3?.  6 

24,4 

600 

+6.1 

8.8 

3.6 

4,2 

13.2 

14.2 

* 

29.3 

19.7 

11.1 

525 

0 

10.3 

9.9 

10.2 

9,0 

11.7 

* 

24.3 

18.3 

560 

.43 

7.4 

7.6 

8.8 

7.3 

10.1 

A 

20.6 

45.9 

600 

.83 

4.7 

6.0 

6.8 

6.6 

9.1 

* 

17,9 

12.4 

20.4 

525 

1.5 

21.8 

15.1 

11.9 

16.9 

16.4 

* 

33.6 

31.5 

560 

1.2 

18.5 

11.4 

9.7 

12.9 

14,8 

* 

28.2 

27.5 

600 

1.4 

16.5 

8.4 

6.4 

11.8 

’2.4 

* 

24.3 

21.9 

31.9 

525 

6.4 

24.3 

15.1 

18.3 

30.2 

33.0 

A 

43.2 

35.5 

560 

5.4 

19.8 

11.4 

16.1 

25.6 

28.4 

* 

37.4 

30.6 

600  3.6  16.5  8.4 

*  Values  not  available 

11.9 

21.1 

23.8 

A 

32.1 

24.8 

TABLE  *3 


COMBINATION  #7  -  CABBAGE  AMD  CARROTS 
54%  -  36% 

PERCENT  LOSS  OF  ASCORBIC  ACID 


Parcant 

(• .  r  4  fa  »  >  *>  f*.  ’’'■Hppp 

Ralativa 

3  Month* 

Humidity 

*0 

Ti 

V ' 

*2 

IJo 

^2~ 

0 

9.14 

5.85 

5.85 

16.06 

20.67 

19.28 

* 

46,67 

48.57 

3.0 

24.60 

33.26 

39.47 

32.01 

51.23 

37.81 

* 

45.90 

50.16 

7.0 

31.43 

27.05 

27.05 

39.23 

48.78 

48.67 

* 

61.24 

61.24 

11.1 

36.42 

31.67 

28.50 

47.72 

60.71 

40.14 

a 

65.93 

71.46 

20.4 

45.19 

54,46 

54.45 

57.50 

72.53 

65.71 

* 

82.11 

79.34 

31.9 

60.54 

84.05 

84.05 

76.95 

78.9 

85.95 

* 

87.44 

88.08 

*  Values  not  aval labia 


PERCENT  LOSS  OF  CAROTENE 


Parcant  _ _ Storaga  Farloda _ 

Ralativa  ^  Montha  i  Bontha  "'  k'  Kootha 


Humidity 

- 

*7 

Ti 

T - 

'i 

TT* 

0 

35.20 

31.83 

50.10 

39.10 

38.50 

50.90  4 

46.60 

46.50 

3.0 

47.10 

57.10 

67.70 

54.20 

68.10 

55.70  * 

59.90 

60.00 

7.0 

50.90 

39.90 

47. 30 

54.20 

42.00 

48.90  6 

43.10 

45.30 

11.1 

55.20 

36.30 

38.50 

60.60 

37.90 

34,90  4 

45.00 

45.00 

20.4 

57.50 

47.90 

50.50 

63.90 

50.60 

52.80  * 

55.00 

57.80 

31.9 

57.10 

51,10 

46.80 

64.80 

48.80 

48.80  * 

55.00 

57.80 

QrMntl  C^yotoiw  -  el  dual 

Original  Carotana 


x  100  •  %  Carotana  loat 


P|  ■  300  pai/aao. 
P2  *  *00  pai/aae* 
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TABLE  44 


COMBINATION  17  -  CABBAGE  AND  CARROTS 
64%  -  36% 

PERCENT  LOSS  OF  REFLECTANCE 


Percent 

Relative 

Humidity 

mu 

■■■ 

OfcjG?  ft-LUtf 

pHISBHeB'  A .  IT  1 

w  THHNH 

^5 

Pi 

1^2 

Fo 

Pi 

To 

Pi 

?2 

0 

S2S 

14,3 

3.7 

5.3 

6.9 

12.4 

16.6 

* 

28.4 

19.4 

560 

12.6 

2.7 

4.6 

6.4 

10.4 

14.1 

23.8 

16.0 

600 

10.9 

1.4 

4.6 

5.5 

7.8 

11.6 

* 

19.6 

12.7 

3 

525 

10.4 

8.5 

10.8 

6.9 

18.9 

17.6 

* 

15.3 

11.9 

560 

11.2 

7.3 

9.5 

5.0 

-16.6 

15.4 

* 

12.7 

10.0 

600 

8.2 

5.9 

8.1 

1.9 

14.6 

13.0 

* 

10.9 

8.8 

7 

525 

14.3 

13.2 

12.0 

1.8 

27.0 

19.2 

* 

31.5 

30,6 

560 

12.2 

10.3 

16.4 

2.0 

24.0 

16.8 

* 

26.7 

27.0 

600 

9.6 

7.7 

8.9 

1.9 

20.0 

14.1 

* 

21.7 

22.5 

11.1 

525 

17.1 

8.4 

9.6 

9.5 

18.9 

14.1 

* 

16.9 

26.9 

560 

14.6 

6.8 

8.4 

25.0 

16.3 

11.6 

* 

14.2 

24.1 

600 

12.2 

5.3 

7.2 

6.7 

13.9 

9.6 

* 

10.9 

19.9 

20.4 

525 

17.4 

12.8 

10.8 

21.8 

24.0 

17.7 

* 

32,2 

29.4 

560 

15.6 

10.8 

9.6 

16.7 

20.3 

14-1 

* 

27.7 

25*9 

600 

12.9 

8.6 

8.1 

26.6 

16.0 

11.9 

* 

21.9 

22.5 

31.9 

525 

16.4 

18.3 

20.6 

20.0 

30.7 

23.1 

* 

36.9 

35.8 

560 

14.9 

15.2 

17.2 

16.4 

36.2 

20.3 

* 

33.1 

31.4 

600 

11.2 

11.4 

14.9 

28.1 

29.7 

16.3 

* 

27.4 

26.4 

*  Values  not  available 
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TABLE  *7 


BEEF  4  SPINACH  #1  (FLAVOR) 
ANALYSIS  OF  VARIANCE 


Sum  of 

Degrees 

of 

Mean 

Significance 
_ IdBi _ 

Source  of  Variation 

Squares 

Freedom 

Square 

r 

IV 

a... 

Total 

1,781.9615 

647 

Tastara 

927.1698 

8 

115.8962 

146.816 

2.511 

1.938 

Treatmenta 

250.4059 

71 

Compression 

27.5032 

2 

13.7516 

11.220 

5.330 

3.316 

Storage  Period 

55.2640 

3 

18.4213 

18.080 

4.510 

2.922 

R.  H. 

38.0634 

5 

7.6127 

6.211 

3.699 

2.534 

R.H,  x  Storage 

Period 

48.2637 

15 

3.2176 

2.625 

2.700 

2.015 

R.H.  x  Compression 

10.5893 

10 

1.053$ 

0.864 

2.979 

2.165 

Storage  Period  x 
Compression 

33.9536 

6 

5.6589 

4.617 

3.474 

2.421 

R.H.  x  Storage 

Period  x  Compression 

36.7687 

30 

1.2256 

Interaction  with 

Tasters 

568 

Tasters  x  R.H. 

67.6450 

40 

1.6911 

2.142 

1.592 

1.394 

Tasters  x  Storage 
Period 

88.9166 

24 

3.7049 

4.693 

1.791 

1.517 

Tastere  x 

Compression 

62.5802 

16 

3.9113 

4.885 

2.007 

1.647 

Tasters  x  R.H.  x 
Storage  Period 

Tasters  x  R.H.  x 
Compression 

1 

Tasters  x  Storage 
Period  x  Compression 

>  385.2440 

488 

0.7894 

Tasters  x  R.H.  x 
Compression  x 

Storage  Period 

) 

83 


TABLE  M 


BEEF  6  SPINACH  #1  (ODOR) 


ANALYSI8  OF  VARIANCE 


Sua  of 

Degrees 

of 

Naan 

nnarrrm 

mmnSmm 

Source  of  Variation 

Souares 

Free doe 

Square 

F 

mm 

mm 

Total 

1,222.6111 

647 

Taataro 

616.3055 

8 

77.0382 

104.785 

2.511 

1.938 

Treateents 

108.6111 

71 

Compression 

10.7315 

2 

5.3648 

12.069 

5.390 

3.316 

Storaga  Period 

25.2160 

3 

8.4053 

18.905 

4.510 

2.922 

R.  H. 

20.5370 

5 

4.1074 

9.238 

3.699 

2.534 

R.H.  x  Storaga 

Period 

25.3025 

15 

1.6868 

3.794 

2.700 

2.015 

R.H*  x  Coapression 

4.0093 

10 

0.4009 

0.902 

2.979 

2.165 

Storaga  Period  x 
Coapreaaioo 

9.4784 

6 

1.5797 

3.553 

3.474 

2.421 

R.H.  x  Storage 

Period  x  Cowpreasion 

13.3364 

30 

0.4446 

Interaction  with 
Tasters 

568 

Taste re  x  R.H. 

44.4353 

40 

1.1109 

1.511 

1.592 

1.394 

Testers  x  Storage 
Period 

83.8674 

24 

3.4945 

4.753 

1.791 

1.517 

Tasters  x 

Compression 

87.2408 

16 

5.4526 

7.417 

2.007 

1.647 

Tasters  x  R.H.  x 
Storage  Period 

'N 

Tasters  x  R.H.  x 
Coapression 

Tasters  x  Storage 
Period  x  Coapression 

>  358.7847 

488 

0.7352 

Tasters  x  R.H.  x 
Coapression  x 

Storage  Period 

) 

Qk 


TABLE  *9 


BEEF  AND  SPINACH  fl 


EFFECT  OF  STORAGE  PERIOD  (  RELATIVE  HUMDITT  ON  F'<AVOR 


Storage 

Period 

Keane  of  Main  Effecta 
Relative  UualditylVT 

Heane  of 
Storage 

(No.) 

UT 

3.0 

- T^r~ 

nn 

"W.V 

ii.y 

Period 

0 

6.0 

5.7 

6.0 

S.9 

6  6 

S.9 

6.0 

1 

6.9 

7.0 

6.9 

6.6 

6.3 

6.6 

6.7  - 

2 

mm 

6.9 

6.8 

6.S 

S.3 

6.1 

6.6 

3 

6.2 

6.6 

6.1 

6.2 

S.3 

S.l 

6.0 

LHTTJm 

mm 

■fl 

■Hi 

5.6 

6.1 

Interaction  -  SD 

Effect  of  Storage  Period 
Effect  of  R.  H  -  HSD 

-  HSD 

Storage 

EFFECT 

TABLE  so 

OF  STORAGE  PERIOD  6  RELATIVE 

Heane  of  Main  Effects 
TeTatIVe  VwTJlVyTO 

HUMIDITY 

ON  ODOR 

Heane  of 

Period 

(Ho.) 

0 

3,0 

7.0 

11.1 

20.6 

31.9 

Storage 

Period 

0 

6.0 

S.9 

6.0 

S.l 

6.3 

6.0 

6.0 

1 

6.7 

6.7 

6.7 

6.6 

6.3 

6.3 

6.5 

2 

6.S 

6.6 

6.S 

6.3 

5.6 

6.1 

6.2 

3 

6.6 

6.6 

6.2 

6.1 

5.7 

5.9 

6.1 

kSKi 

HH 

6.6 

flHfli 

S.2 

5.9 

6.1 

Interaction  -  HSD 

Effect  Storage  Period  -  HSD 

Effect  of  R.  H.  -HSD 


»5 


XABtfSi 

BEEF  AND  SPINACH  ll 


EFFECT  OF  STORAGE  PERIOD  &  COMPRESSION  ON  FLAVOR 


Compression 

Means  of  Main  Effects 
Storage  Period  (Wo.) 

Means  of 
Compression 

Level 

TJ 

3 

”5 

Levels 

?0 

5.9 

6.7 

6.3 

5.3 

6.0 

Pi 

6.2 

6.8 

6.4 

6.7 

6.5 

P2 

5.8 

6.6 

6.3 

6.1 

6.2 

HM 

6.4 

6.0 

Interaction  -  HSD 

Effect  of  Compression  Levels  -  HSD 

Effect  of  Storage  Periods  -  HSD 

TABLE  52 


EFFECT  OF  STORAGE  PERIOD  6  COMPRESSION  ON  ODOR 


Compression 

Level 

“5 - 

Means  of  Main  Effects 
Storage  Period  (Mo.) 

-y 

Means  of 

Compression 

Level 

Po 

6.1 

6.4 

6.1 

5.7 

6.4 

pl 

6.0 

6.7 

6.3 

6.5 

6.4 

p2 

5.9 

6.5 

6.3 

6.1 

6.2 

Means  of1 
Storage  Period 

6.0 

6.5 

6.2 

6.1 

Interaction  -HSD 

Effect  of  Compression  Levels  -  HSD 
Effect  of  Storete  Periods  -  HSD 


TABLE  $3 


BEET  AND  EGGS  #2  (FLAVOR) 


ANALYSIS  OF  VARIANCE 


T— 1  -  1 

Source  of  Variation 

Sun  of 

Dagraaa 

of 

Maan 

Squaraa 

Squara 

F 

16 

5% 

Total 

1,346.3144 

647 

Tastara 

566.8838 

8 

70.8605 

92.786 

2.511 

1.938 

Traatmanta 

131,8700 

VI 

Conpraaaion 

3.0598 

2 

1.5299 

2.785 

5.390 

3.316 

Storaga  Pariod 

36.8638 

3 

12.2879 

22.370 

4.510 

2.922 

R.  H. 

34.0829 

5 

6.8166 

12.410 

3.699 

2.534 

R.H.  x  Storaga 

Pariod 

21.2196 

15 

1.4146 

2.575 

2.700 

2.015 

R.H.  x  Compmaaion 

10.1995 

10 

1.0200 

1.857 

2.979 

2.165 

Storaga  Pariod  x 
CoiRpraaaion 

9.9649 

1.6608 

3.023 

3.474 

2.421 

R.H.  x  Storaga 

Pariod  x  Conpraaaion 

16.4795 

30 

0.5493 

Intaraction  with 

Taatara 

568 

Taatara  x  R.H. 

35.5977 

40 

0.8899 

1.165 

1.S92 

1.394 

Taatara  x  Storaga 
Pariod 

221.6224 

24 

9.2343 

12.092 

1.791 

1.517 

Taatara  x  Conpraaaior 

17.6625 

16 

1.1039 

1.446 

2.007 

1.647 

Taatara  x  R.H,  x 
Storaga  Pariod 

Taatara  x  R.H.  x 
Coapraaaion 

j 

( 

Taatara  x  Storaga 
Pariod  x  Coapraaaion 

V  372.6780 

488 

0.7637 

' 

Taatara  x  R.H,  x 
Conpraaaion  x 

Storaga  Pariod 

■ — - - - - 

) 

_ 

87 


* .. 


TABLE  34 

BEEF  ATJD  EQ68  #2  (ODOR) 


ANALYSIS  Or  VARIANCE 


feagraaa 

I  Significance  f 

Sua  of 

of 

Haas 

La* 

ll 

Souroi  of  Varia ties 

Sguarea 

Fraedaa 

Square 

r 

if 

5% 

Total 

1,017.2577 

647 

Taotora 

927.2994 

8 

115.9124 

217.349 

2.511 

1.938 

Treataaata 

88.9688 

71 

Coapraaaiaa 

12.0123 

2 

6.0062 

11.380 

5.390 

3.316 

Storaga  Period 

9.5231 

3 

3.1744 

6.014 

4.510 

2.922 

R.  H. 

10.1373 

5 

2.0275 

3.841 

3.699 

2.534 

R.H,  x  Storaga 

Period 

20.1899 

15 

1.3460 

2.550 

2.700 

2.015 

R.H.  x  C— praaaloa 

4.9892 

10 

0.4969 

0.942 

2.979 

2.165 

Storaga  Pariod  x 
Coapraaaiaa 

15.7038 

6 

2.6173 

4.959 

3.474 

2.421 

R.H.  x  Storaga 

Pariod  x  Coapraaaion 

15.8332 

30 

0.5278 

Interaction  with 

Taatara 

568 

Taatara  x  R.H. 

32.0710 

40 

0.8018 

1.504 

1.592 

1.394 

Taatara  x  Storaga 
Pariod 

.62.7130 

24 

6.7797 

12.713 

1.791 

1.617 

Taatara  x 

Coapraaaiaa 

18.5710 

18 

1.0357 

1.942 

2.007 

1.647 

Taatara  x  R.H,  x 
Storaga  Pariod 

Taatara  x  R.H.  x 
Coapraaaiaa 

/ 

Taatara  x  Storaga 
Pariod  x  Caapraaaiao 

>  260.2348 

488 

0.5333 

Taatara  x  R.H.  x 
Coapraaaiaa  a 

Storaga  Pariod 

) 

—  —  - 

TABLE  » 

BEEF  AND  EGG  12 


Storage 

Poriod 

EFFECT  OF  STORAGE  PERIOD  (  REUTIVE  HUMIDITY  ON 

Meant  of  Main  Effects 

Relative  MualdityJflj 

FLAVOR 

Keane  of 
Storage 

(No.) 

- 

9.0 

T7o 

11. 1 

2074 

ii.y 

0 

6.1 

6.3 

6.5 

6.4 

6.0 

6.2 

6.3 

1/2 

6.3 

6.4 

6.5 

6.5 

6.4 

6.3 

6.4 

1 

6.9 

6.9 

6.t 

6.6 

6.3 

6.1 

6.6 

3 

6.4 

6.2 

6.4 

6.0 

5.6 

5.1 

5.9 

mm 

■H 

6.6 

6.4 

6.1 

5.9 

Interact Ion  -  SD 

Effect  of  Storage  Period 
Effect  of  R.  H.  «■  HSD 

-  KSD 

Storage 

Period 

EFFECT 

TABLE  56 

OF  STORAGE  PERIOD  (  REUTIVE  1 

Meant  of  Main  Effects 
Relative  WueiJltyt't  J 

HUMIDITY  ON 

ODOR 

Means  of 
Storage 

(Mo.) 

0 

3.5 

m 

- J575 — " 

'  TT.  9 

Period 

0 

6.0 

6.1 

6.4 

6.3 

6.0 

6.2 

6.2 

1/2 

6.0 

6.2 

6.0 

6.3 

6.2 

6  3 

l 

6.5 

6.6 

6.3 

6.4 

6.3 

5.7 

6.3 

3 

6.1 

6.1 

6.1 

6.2 

5.6 

5.5 

6.0 

Meant  of 

R.  H, 

6.2 

6.2 

HHH 

mm 

6.1 

5.9 

Interaction  -  SD 

Effect  of  Stor«(o  Pel rod  -  KSD 

Effect  of  P.  H.  -  KSD 


09 


TABLE  57 
BEET  AMO  BOO  #2 


EFFECT  OF  STORAGE  PERIOD  t  COMPRESSION  ON  ODOR 


Keane  of  Main  Effacta 

He ana  of 

Coapreeaioo 

storage 

l*I3CHL3>Ji 

Coapreeaioo 

Level 

5“ . 

1/5 

"T 

La vela 

r« 

6.0 

6.S 

am 

6*3 

ri 

6.0 

5.9 

6.6 

6.1 

6.1 

6.6 

% 

7 

$ 

$.6 

6.0 

BHHE55! 

6.2 

6.1 

6.3 

jL_ 

6.0 

- - 

Interaction  -  HSD 

Effect  of  Coapreeaioo  Level  -  HSD 

Effect  of  Storage  Period  -  HSD 

so 


TABLE  SB 


BED'  4  SPINACH  .3  (FLAVOR) 


ANALYSIS  Of  VARIANCE 


91 


TABLE  SB 


BEEF  &  SPINACH  #3  (ODOR) 


ANALYSIS  Of  ?**IANCE 


TABIC  80 


SPINACH  4  EQG8  #4  (FLAVOR) 


ANALYSIS  OF  VARIANCC 


— 

mggm 

mjd 

mgm 

IIP* 

!$5i 

Source  of  Variation 

mSSBi 

f 

■feu 1 

11 

Total 

1,399.1701 

897 

— 

Taatara 

376,5039 

8 

109.5628 

801,898 

2.611 

1.938 

Traatnanta 

77.8366 

71 

Coapraaaion 

0.5220 

2 

0.2610 

0.916 

5.390 

6.316 

Storaga  Pariod 

3.5039 

3 

1.1678 

4.096 

4.510 

2.922 

R.H. 

9.1053 

S 

1.8211 

6,660 

3.699 

2.539 

R.H.  x  Storaga 

Pariod 

7.9317 

15 

0.5288 

1.665 

2.700 

2,015 

R.H.  x  Coupraaaion 

lv .0428 

10 

1.9043 

6.682 

2.979 

2.165 

Storaga  Pariod  x 
Conpraaaion 

29.1817 

6 

4.8636 

17.065 

3.474 

2.421 

R.H.  x  Storaga 

Pariod  x  Coapraaaion 

8.5499 

.  «0 

0.2850 

XntaractioD  with 
Taatara 

Taatara  x  R.H. 

64,7281 

40 

1.6182 

2.961 

)  ,592 

1.394 

Taatara  x  Storaga 
Pariod 

93.4966 

24 

3.8957 

7,177 

1.791 

1.517 

Taatara  x 

Coapraaaion 

21 « 7360 

16 

1.3580 

2.962 

2.007 

1.647 

Taatara  x  R.H.  x 
Storaga  Pariod 

Taatara  x  R.H.  x 
Conpraaaion 

1 

Taatara  x  Storaga 
Pariod  x  Conpraaaion 

Y  264.8772 

488 

0,5428 

Taatara  x  R.H.  x 
Conpraaaion  x 

Storaga  Pariod 

) 

93 


TABLE  61 


SPINACH  &  EGGS  #4  (ODOR) 


8PIBACH-EQG  DISC  #* 


|  Iflterection  -  USD 
I  Effect  of  Coapreesion  -  NS 
5  Effect  of  K«  ft.  •  MSB 


» 

I 


I 

* 

i 

I 

I 

i 


I 

j 

i 


*5 


TABLE  63 


SPINACH  AND  EGG  #4 

EFFECT  OF  STORAGE  PERIOD  S  COMPRESSION  ON  ODOR 


Compression 

Means  of  Main  Effects 
Storage  Period  (Ho.) 

Means  of 
Compression 

Level 

IT 

I 

2 

3 

Levels 

*0 

6.2 

6.2 

6.3 

5.9 

6.2 

*1 

6.2 

6.4 

6.1 

6.0 

6.2 

*2 

6.1 

6.S 

5.9 

5.7 

6.1 

6.2 

6.4 

6.1 

5.9 

Int erection  -  HID 

Effect  of  Compression  Level  -  NS 

Effect  of  Storage  Period  -  HSD 

EFFECT  OF 

Coepression 

Level  T 

TABLE  64 

STORAGE  PERIOD  6  COMPRESSION 

Means  of  Main  Effects 
Storage  Period  (Mo.) 

- r*- - 

ON  FLAVOR 

Means  of 
Coepression 

Levels 

*0 

6.5 

6.1 

6.7 

6.2 

6.4 

*1 

6.3 

6.5 

6.1 

6,5 

6.3 

**2 

6.2 

6.8 

6.2 

6.2 

6.3 

Means  0I 

Storage  Period 

6.3 

6.5 

mm 

6.3 

Interaction  -  HSC 

Effect  of  Compression  Level  -  NS 

Effect  of  Storage  Period  «  SD 


96 


TABLE  65 


BEEF  &  POTATOES  #5  (ODOR) 


ANALYSIS  OF  VARIANCE 


97 


TABLE  66 


BEEF  (  POTATOES  #5  (FLAVOR) 


ANALYSIS  OF  VARIANCE 


Degrees 

1  Significance  1 

Sum  of 

of 

Mean 

I  Levi 

»1  4  .... 

Freedom 

Souaro 

F 

mam 

5% 

Total 

962.2207 

647 

Tutors 

368.873S 

8 

46.1092 

111.726 

2.511 

1.938 

Treatments 

57,5540 

71 

Compression 

6.9013 

2 

3.4507 

10.716 

5.390 

3.316 

Storago  Poriod 

11.7207 

3 

3.9069 

12.133 

4.510 

2.922 

R.  H. 

2.0263 

5 

0.4053 

1.259 

3.699 

2.534 

R.H.  x  Storago 

Poriod 

11.2985 

15 

0.7526 

2.337 

2.700 

2.015 

R.H.  x  Compression 

1.8209 

10 

0.1821 

0.566 

2.979 

2.165 

Storago  Poriod  x 
Compression 

14.1357 

6 

2.3560 

7.317 

3.474 

2.421 

R.H.  x  Storago 

Poriod  x  Compression 

9.6606 

30 

0.3220 

Interaction  with 

Tutors 

568 

Tutors  x  R.H. 

27.5709 

40 

0.6893 

1.670 

1.592 

1.394 

Tutors  x  Storege 
Poriod 

266.0154 

24 

11.0840 

26.857 

1.791 

1.517 

Tutors  x 

Compression 

40.8209 

16 

2.5513 

6.182 

2.007 

1.647 

Tasters  x  R.H.  x 
Storago  Poriod 

\ 

Tasters  x  R.H.  x 
Compression 

V  201.3 b  0 

488 

0.4127 

Tasters  x  Storago 
Poriod  x  Compression 

f 

Tasters  x  R.H.  x 
Compression  x 

Storago  Poriod 

) 

.. 

TABLE  67 

BEEF-POTATO  DISC  IS 


EFFECT  OF  R.  H.  AND  STORAGE  PERIOD  ON  FLAVOR 


S  forage 

Period 

Noons  o: 
Storage 

(No.)  *TT“ 

1.0 

TV 

nn 

20.6 

“TTT 

Period 

0  6.1 

6.0 

6.3 

6.2 

6.6 

6.1 

6.2 

1  6.7 

6.5 

6.6 

6.6 

6.6 

6.6 

6.S 

2  6.6 

6.7 

6.6 

6.6 

6.2 

6.3 

6.5 

3  6.1 

6.S 

6.S 

6.3 

6.6 

1.6 

6.6 

Vteens  ol 

R.  M.  6.6 

6.6 

6.S 

6.6 

6.6 

6.3 

Interaction  -  SD 

Effect  of  Storage  Period  * 
Effect  of  R.  H.  -  NS 

HSD 

TABLE  SB 


EFFECT  OF  R.  H.  AND  STORAGE  PERIOD  ON  ODOR 


Storage 

Heena  of  Hein 

Effects 

Neons  of 

Period 

Storage 

(No.) 

b 

— 'M™ 

- 

Tm 

3b. ¥ 

“no 

Period 

0 

6.0 

6.0 

6.5 

6,3 

6.6 

6.4 

6.3 

1 

6.6 

6.4 

6.4 

6.3 

6.2 

6.4 

6.4 

2 

6.7 

6.7 

6.6 

6.4 

6.5 

6.4 

6.5 

3 

6.6 

6.6 

6.6 

6.3 

6.5 

6.3 

6.5 

rieens  of 

R.  H. 

6.4 

6.5 

6.5 

mm 

6.5 

6.4 

99 


Interaction  -  HSD 

Effect  of  Storage  Period  -  HSD 
Effect  of  R.  H.  -  NS 


TABLE  69 


BEEF-POTATO  DISC  IS 


EFFECT  OF  STORAGE  PERIOD  6  COMPRESSION  ON  FLAVOR 


Mesne  of 

Main  Effects 

Means  of 

Coop  region 

Storage  Period  (Ho.) 

Coapression 

Level 

0 

-j 

3 

"  to 

Levels 

Po 

6.0 

6.6 

6.4 

6.0 

6.2 

P1 

6.3 

6.4 

6.4 

6.7 

6.4 

P2 

6.2 

6.7 

6.6 

6.4 

6.S 

Mean*  of 

Storage  Periods 

6.2 

6.S 

6.5 

6.4 

Interaction-  HSD 

Effect  of  Coapression  Level  -  HSD 

Effect  of  Storage  Period  -  HSD 

TABLE  70 


EFFECT  OF  STORAGE  PERIOD  6  COMPRESSION  ON  ODOR 


Compression 

Level 

T - 

Means  of  Main  Effects 
Storage  Period!  (too.  ) 

2  3 

-TP- 

Means  of 
Compression 

Levels 

p0 

6.3 

6.5  6.7 

6.3 

6.5 

Pi 

6.2 

6.2  6.2 

6.6 

6.3 

P  2 

6.4 

6.4  6.7 

6.6 

6.5 

Means  of 

Storage  Period 

6.3 

6.4  6.5 

6.5 

Interaction  -  HSD 

Effect  of  Compression  Level  -  HSD 

Effect  of  Storage  Period  -  HSD 
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TABLE  71 


C ABBOT  i  CABBAGE  I  6  (FLAVOR) 
ANALYSIS  OF  VARIANCE 


■■Ml 

Oagraaa 

EHEEBBJi 

of 

Maan 

Sourca  of  Variation 

Fraadom 

F 

a 

Total 

2,154.8133 

647 

Taatara 

1,386.4383 

• 

173.3048 

205.801 

2.511 

1.938 

Traatmonta 

161.7022 

71 

Compraaaion 

11.0772 

2 

5.5386 

7. 539 

5.390 

3.316 

Storaga  Pariod 

25.6096 

3 

6.5365 

11.619 

4.510 

2.922 

R.  H. 

20.9152 

5 

4.1630 

5.694 

3.699 

2.534 

R.H.  x  Storaga 

Pariod 

34.7329 

15 

2.3155 

3.152 

2.700 

2.015 

R.H.  x  Compraaaion 

6.1820 

10 

0.6162 

0.841 

2.879 

2.165 

Storaga  Pariod  x 
Compraaaion 

41.1450 

6 

6.8575 

9.334 

3.474 

i 

2.421  | 

R.H.  x  Storaga 

Pariod  x  Compraaaion 

22.0403 

30 

0.7347 

( 

Intaraetion  with 
Taatara 

568 

Taatara  x  R.H. 

67.7098 

40 

1.6928 

2.010 

1.592 

1.394 

Taatara  x  Storaga 
Pariod 

107.5987 

24 

4.4833 

5.324 

1.791 

1.517 

Taatara  x 

Canpraaaion 

20.4228 

16 

1.2764 

1.516 

2.007 

1.647 

Taatara  x  R.H.  x 
Staraga  Pariod 

Taatara  x  R.H.  x 
Compraaaion 

1 

Taatara  x  Storaga 
Pariod  x  Compraaaion 

>410.9  .5 

488 

0at*2i 

Taatara  x  R.H.  x 
Compraaaion  x 

Storaga  Pariod 

) 

■ 

101 


TABLE  72 


CARROT  6  CABBAGE  |6  (ODOR) 


ANALYSIS  OF  VARIANCE 


ice 


TABLE  73 
CAJWGT -CAM  AGE  H 


Storage 

Period 

EFFECT  or  R.  M.  AND  STORAGE  PERIOD  OR  FLAVOR 

N— no  of  Rain  Effects 

TarawTearow 

Neap** 

Storage 

(No.) 

3.5 

- 775 

- H7T 

"TO - 

ITT 

Period 

0 

5.2 

*.7 

6.5 

6.6 

5.1 

5.0 

6.1 

2 

5. a 

5.3 

5.3 

5.2 

5.1 

6.6 

5.1 

3 

5.3 

6.7 

6.6 

5.1 

6.7 

6.6 

6.6 

H 

8.3 

5.6 

5.5 

5.6 

5.2 

6.6 

5.3 

Naans  of 
R.H. 

5.3 

5.1 

5.0 

5.0 

5.0 

6.7 

Interaction  -  HSO 
Effect  of  Storage 
Effect  of  R.  H.  - 

Period 

KSD 

-  KSD 
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TABLE  74 


CARROT-CABBAGE  fS 


EFFECT  OF  STORAGE  PERIOD  &  COMPRESSION  ON  FLAVOR 


Compression 

Means  of  Main  Effects 
Storage  Period  (IJo.) 

Means  of 
Compression 

Level 

. J1J' 

2  3 

T" 

Levels 

Po 

4.9 

5.8  5.1 

4.9 

5.2 

Pi 

4.8 

CD 

. 

ST 

• 

St 

5.5 

5.0 

P2 

4.7 

4.9  4.6 

5.4 

4.9 

Means  b/ 

Storage  Period 

4.8 

5.1  4.8 

5.3 

Interaction  -  HSD 

Effect  of  Compression  Level  •  HSD 

Effect  of  Storage  Period  -  HSD 


TABLE  75 


EFFECT  OF  STORAGE  PERIOD  6  COMPRESSION  ON  ODOR 


Compression 

Level 

0 

Means  of 
Storage 

Main  Effects 
Period  (Ho.) 

- s - — 

“4“ 

Means  of 
Compression 

Levels 

P0 

5.0 

5.6 

4.9 

5,3 

5.2 

Pi 

4.8 

5.3 

5.3 

5.8 

5-3 

Vs 

k  4 

4.9 

5.1 

5,3] 

5.8 

5.3 

Means  c. 

Storage  Period 

4.9 

5.3 

5.2 

5,6 

Interaction  -  HSD 

Effect  of  Compression  Level  -  NS 

Effect  of  Storage  Period  -  HSD 


iOL 


TABLE  U 


CARROT  &  CABBAGE  #7  (FLAVOR) 


ANALYSIS  Of  VARIANCE 


Sue  of 

Degrees 

of 

Mean 

Sour'#  of  Variation 

Squares 

Freed  oe 

Square 

F 

16 

5% 

Total 

2,031.6701 

647 

Taster* 

1,150.6423 

8 

143.8303 

172.108 

2.511 

1.938 

Treatment* 

232.7812 

71 

Compression 

9.4849 

2 

4,7425 

4.946 

5.390 

3.316 

Storage  Period 

49.0034 

3 

16.3345 

17.086 

4.510 

2.922 

R.  H. 

34.7997 

5 

6.9599 

7.869 

3.699 

2.534 

R.H.  x  Storage 

Feriod 

68.8300 

15 

4.5887 

4.786 

2.700 

2.015 

R.H,  x  Compreaeion 

6.7188 

10 

0,6719 

0.701 

2.979 

2.165 

Storage  Period  x 
Compreaeion 

35.1818 

6 

5.8636 

6.116 

3,474 

2.421 

R.H.  x  Storage 

Period  x  Compreaeion 

28.7626 

30 

0.9588 

Interaction  with 
Tastera 

568 

Taetera  x  R.H. 

60.5614 

40 

1.5140 

1.812 

1.592 

1.394 

Taster a  x  Storage 
Period 

135.9133 

24 

5.6631 

6,777 

1.791 

1.517 

Tasters  x 

Compression 

43.9596 

16 

2.7475 

3.288 

2.007 

1.647 

Tasters  x  R.H.  x 
Storage  Period 

) 

Tasters  x  R.H.  x 
Compression 

[ 

Tasters  x  Storage 
Period  x  Compression 

>  407.8123 

488 

0.8357 

Tasters  x  R.H.  x 
Compression  x 

Storage  Period 

\ 

1 _ 

-s 
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fABLE  77 


CART.OT  i  CABBAGE  #7  (ODOR) 


ANALYSIS  OF  VARIANCE 


■ 

Significance 

Level 

Source  of  Variation 

■E6EXH 

mEBESM 

F 

mmm 

5% 

Total 

866.2901 

647 

Taataira 

306.595? 

8 

38.3245 

86.825 

2.511 

1.938 

Treatments 

l'C.9568 

71 

Compression 

1.4475 

2 

0.7238 

1.300 

5.390 

3.316 

Storage  Period 

68.8950 

3 

22.9650 

41.2S2 

4.510 

2.922 

R.  H,. 

8.6420 

5 

1.7284 

3.105 

3.699 

2.534 

R.H,  x  Storage 

Period 

10.6050 

15 

0.7070 

1.170 

R.H.  x  Compression 

6.5339 

10 

p.6534 

1.174 

2.165 

Storage  Period  x 
Compression 

14.1328 

6 

2.3553 

4.231 

2.421 

R.H.  x  Storage 

Period  x  Compression 

16.7006 

30 

0.5567 

Interaction  with 
Tasters 

168 

Tasters  x  R.H. 

28.8857 

40 

0.7221 

1.636 

1.394 

Tasters  x  Storage 
Period 

154.6883 

24 

6,4454 

1.517 

Tasters  x 

Compression 

33,7469 

16 

2.1092 

4,778 

1.647 

Tasters  x  R.H,  x 
Storage  Period 

Tasters  x  R.H.  x 
Compression 

Tasters  x  Storage 
Period  x  Compression 

>  215.4167 

488 

0.4414 

Tasters  x  R.H.  x 
Compression  x 

Storage  Period 

L_ 
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TABLE  7B 


CARROT-CABBAGE  17 


Storage 

Period 

EFFECT  OF  R.  H.  AMD  STORAGE  PERIOD  ON  FLAVOR 

Neons  of  Naln  Effects 

hi. tin  KaMrtWl'J 

Naans  o 
Storage 

(No.) 

inr 

775 

n n 

ITT 

Period 

0 

4.6 

4.7 

4.5 

4.1 

5.5 

5.3 

4.8 

2 

5,4 

5.4 

5.2 

5.0 

5.0 

4.5 

5.1 

3 

5.3 

5.5 

5.0 

4.8 

4.9 

4.4 

5.0 

4 

5.3 

6.2 

5.8 

5.7 

5.5 

4.7 

5.5 

Means  of 
R.  H. 

5.2 

5.5 

5.1 

4.9 

5.2 

4.8 

Interaction  -  HSD 

Effect  of  Storage  Period  -  HSD 

Effect  of  R.  H.  -  HSD 


1CT 


TABLE  79 

CARROT-CABBAGE  #7 


EFFECT  OF  STORAGE  PERIOD  i  COMPRESSION  ON  FLAVOR 


Means  e*  Main  Effects 

Means  of 

Compression 

Period (Ho.) 

Compression 

Level 

0 

2 

3 

Levels 

po 

n 

5.1 

5.2 

5.3 

pl 

4.9 

5.8 

5.1 

P2 

4.6 

4.6 

4.9 

5.6 

5.0 

Means  of 

Storage  Period 

4.8 

5.1 

5.0 

5.5 

Interaction  •  HSD 

Effect  of  Compression  Level 
Effect  of  Storage  Period 

-  SD 

-  HSD 

TABLE  80 


EFFECT  OF  STORAGE  PERIOD  6  COMPRESSION  ON  ODOR 


Compression 

Level 

0 

Means  of  Main  Effects 
Storage  PeriodcMo.) 

- 3 - - 

T 

Means  of 
Compression 

Levels 

p0 

4.8 

5.5 

5.1 

5.4 

5.2 

P1 

4.8 

5.4 

5.1 

5.8 

5.3 

P2 

4.7 

5.0 

5.1 

5.9 

5.2 

Means  of 

Storage  Period 

4.8 

5.3 

5.1 

5.7 

Interaction  -  HSD 

Effect  of  Compression  Level  -  NS 

Effect  of  Storage  Period  -  HSD 
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TABLE  11 


•J  [ 

STRAWBERRY-APPLE  18  (FLAVOR) 


ANALYSIS  OF  VARIANCE 


1 

Sum  of 

Degress 

of 

Ho  an 

mirrmu  vrm 

Freedom 

r 

imi 

Total 

1,523.3278 

719 

Tutors 

974.0778 

9 

108.2309 

928.576 

2.407 

1,880 

Treatments 

148,1278 

71 

2.0863 

Compression 

33.0861 

2 

16.5431 

29.118 

5.390 

3.316 

Storago  Period 

4.6389 

3 

1.5463 

2.721 

4.510 

2,922 

R.  H. 

43.6611 

5 

8.7322 

15.368 

3,899 

2.534 

R.H,  *  Storago* 
Poriod 

25.7611 

IS 

1.7174 

3,023 

2.700 

2.015 

R.H.  k  Compression 

17.9306 

10 

1.7931 

3.156 

2.979 

2,165 

Storago  Poriod  * 
Comproaoion 

6.0028 

6 

1.0005 

1.761 

3.474 

2.421 

• 

R.Hj  x  storago 

Poriod  x  Comproaoion 

17.0472 

30 

0.5682 

Interaction  with 

Taotora 

639 

Taatora  x  r,h. 

35.2556 

45 

0.7835 

1.450 

1.562 

1.375 

Tutors  x  storago 
Poriod 

15.3689 

27 

o.s’oo 

1.055 

1.744 

1.468 

Tutors  x 

Comproaoion 

53.9139 

19 

2.9952  . 

5.549 

1.942 

1.609 

Tutors  x  R.H,  x 
Storago  Poriod 

\ 

Taatora  >LH,  x 
Coaprsuion 

Tutors  x  Storago 

Poriod  x  Compression 

\  296. 5639 

549 

0.5402 

Tutors  x  r.h,  x 
Coaprsuion  * 

Storage  Period 

) 
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TABLE  82 

STRAWBERRY- APPLE  #8  (ODOR) 


ANALYSIS  Of  VARIANCE 


■■■■■ 

"  vSjj 

1 

irersfjgrnrrM! 

■HRSBHR 

r 

11 

Oil 

Total 

954,8875 

719 

Taatara 

3/3.6653 

9 

41.5184 

77.590 

2.407 

1.880 

Traattnanta 

91.5875 

71 

1.2900 

Compraaaion 

9.7583 

2 

4.8792 

10.738 

5.390 

3.316 

Storaga  Parlod 

6.5264 

3 

2.1755 

4,788 

4.510 

2.922 

R.  H. 

21.9625 

5 

4.3925 

9,667 

3.699 

2.534 

R.H.  x  Storaga 

Pariod 

11.4986 

15 

0.7666 

1.687 

2.700 

2.015 

R.H,  x  Compraaaion 

25.9917 

10 

2.5992 

5  720 

2.979 

2.165 

Storaga  Pariod  x 
Compraaaion 

2.2195 

6 

0.3699 

0.814 

3.474 

2.421 

R.H.  x  Storaga 

Pariod  x  Compraaaion 

13.6305 

30 

0.4544 

Intaraction  with 
Taatara 

639 

Taatara  x  R.H. 

75.0930 

45 

1.6687 

3.119 

1.562 

1.375 

Taatara  x  Storaga 
Pariod 

36.9736 

27 

1.3694 

2.559 

1.744 

1.488 

Taatara  x 

Compraaaion 

83.7972 

18 

4.6554 

8.700 

1.942 

1.609 

Taatara  x  R.H.  x 
Storaga  Pariod 

\ 

Taatara  x  R.H.  x 
Compraaaion 

Taatara  x  Storaga 
Pariod  x  Compraaaion 

/  293.7709 

549 

0.5351 

1 

Taatara  x  R.H.  x 
Compraaaion  x 

Storaga  Pariod  J 

) 
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TABLE  83 


STRAWBERRY-APPLE  DISCS 


EFFECT  OF  COMPRESSION  AND  RELATIVE  HUMIDITY  ON  FLAVOR 


Maana  of  Main  Effacta 


Cc  rap  ra*a  ion 
Laval  l 


Maana  of 

Coatpraaaion 

Laval 


Intaraetion  -  HSD 

Effact  of  Compraaaion  -  HSD 

Effact  of  R.  H.  -  HSD 


TABLE  84 

EFFECT  OF  COMPRESSION  AND  RELATIVE  HUMIDITY  ON  ODOR 

Maana  of  Main  Effacta  Maana  of 


Intaraetion  -  HSD 

Effact  of  Compraaaion  -  HSD 

Effact  of  R.  H.  -  HSD 
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TABLE  85 


REHYORATIOH  CHARACTERISTICS  OF  COMPRESSED  BEEF-SPIHACH  0 1  (75:25) 

AFTER  STORAGE  AT  VARIOUS  HUMIDITIES  AT  100°  F. 


PHJMPI 

lutss)  for  complat* 
rdrstlon  aftsr  stow 

apparent 
Hi _ 

IBXJQbJqiBMH 

0  Months 

2  Months 

BMIPTHT 11 

No 

18 

330/30 

0.5 

m 

m 

Storage 

20 

1100/30 

1 

- 

- 

- 

0 

18 

330/30 

2 

3 

3 

20 

1100/ 

- 

4 

5 

4 

3.0 

18 

330/30 

- 

1.5 

1.5 

2 

20 

1100/30 

- 

3 

3 

3 

7.0 

18 

330/30 

• 

2 

2 

2 

20 

1100/30 

- 

3 

4 

3 

11.1 

18 

330/30 

5 

7 

6 

20 

1100/30 

- 

12 

16 

14 

20.4 

18 

330/30 

6 

7 

6.5 

20 

1100/30 

- 

15 

18 

17 

31.9 

18 

330/30 

8 

9 

9 

20 

1100/30 

27 

29 

30 

1 12 


TABLE  86 


! 

f 


RIHYD RATION  CHARACTERISTICS  OF  COMPRESSED  BEEF-EGGS  (SOllO)  BARS 
AFTER  STORAGE  AT  VARIOUS  HUMIDITIES  AT  100*  F. 
(Combination  |2) 


ppspmi 

11m  (aimitaa)  for  aomplata  apparent 
rahvdratlan  afttr  itorm _ 

ShHP  "a.  4  Ti  4.  «  imBHpy 

B 

I 

J 

****  T1 

mw:rm 

WKSHITI 

No 

20 

300/30 

0.5 

m 

m 

m 

Staraga 

22 

1000/30 

0.5 

• 

m 

m 

0 

20 

300/30 

m 

Mm 

■m 

- 

22 

1000/30 

- 

Hal 

WmA 

m 

3 

20 

300/30 

■rwi 

■n 

• 

22 

1000/30 

- 

■QQI 

HkD 

m 

7 

20 

300/30 

0.3 

0.3 

m 

22 

1000/30 

- 

O.S 

0.3 

* 

11.1 

20 

300/30 

m 

■a 

22 

1000  30 

- 

m 

IBs! 

- 

20.4 

70 

300/30 

«k 

■Dl 

WBM 

- 

22 

1000/30 

m 

Hal 

m 

31.9 

20 

300/30 

m 

hkwi 

0.5 

m 

22 

\000/1Q 

• 

■ 

0.5 

y 
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TABLE  87 


Combination  #3 

REHYDRATION  CHARACTERISTICS  OF  COMPRESSED  BEEF-SPINACH  (39:61)  BARS 
AFTER  STORAGE  AT  VARIOUS  HUMIDITIES  AT  100°  F. 


TABLE  88 


Combination  |4 

REHYDRATION  CHARACTERISTICS  OF  COMPRESSED  SPINACH-EGG*  (25*75)  BARS 
AFTER  STORAGE  AT  VARIOUS  HUMIDITIES  AT  100*  F. 


Relative 

Humidity 

Height  (grams)  of 
0.5"  *  2"  diem. 

1 

Tima  (mie 
rehv 

tutea)  for  complete  apparent 
Oration  after  atoraxe 

■ttrsm 

2  Months 

3  Months 

No 

14 

500/30 

1.5 

m 

m 

Storage 

17 

1000/30 

8 

• 

M 

• 

0 

14 

500/30 

a 

m 

17 

1000/30 

- 

55 

• 

• 

3 

n 

500/30 

m 

4 

m 

17 

1000/30 

- 

52 

• 

a» 

7 

14 

500/30 

4 

• 

17 

1000/30 

57 

“ 

• 

11.1 

14 

500/30 

5 

17 

1000/30 

- 

58 

* 

20.4 

14 

500/30 

_ 

■I 

17 

1000/30 

— 

mm 

• 

31.9 

14 

500/30 

_ 

4.5 

_ 

17 

1000/30 

- 

55 

_ 

-15 


TABLE  •• 


CMbiottifi  1 5 

KEKTSflt&TXGH  CBARAC1SRI8TICS  OF  COMPRESSES  BEEF-POTATOES  (55:45)  BAM 
AFTER  STORAGE  AT  VARIOUS  HUMILITIES  AT  ISO*  F. 


mm 

Weight  (frees)  ef 
0.5"  x  3"  dies. 

Compression 

psi/seo. 

Time  (minutes)  for  complete  apparent 
rehvdretion  after  storage 

Me 

25 

2000/30  see. 

1.5 

_ 

Storage 

30 

4000/30  sec. 

0*5 

mm 

mm 

0 

25 

2000/30  SSC. 

0.5 

0.5 

30 

4000/30  SSO. 

0.5 

0.5 

3 

25 

2000/30  sec. 

mm 

0.5 

0.5 

30 

4000/30  see. 

mm 

0.5 

0.5 

7 

25 

2000/30  sec. 

mm 

0.5 

0.5 

30 

4000/30  sec. 

mm 

1 

1 

11.1 

25 

2000/30  sec. 

m  ■  i 

0.5 

1 

30 

4000/30  sec. 

mm 

1 

1 

30.4 

25 

2000/30  sec. 

mm 

0.5 

0.5 

30 

4000/30  see, 

m  m 

1 

1 

31»l 

25 

2000/30  sec. 

mm 

1 

1 

30 

4069/30  sec, 

_ 

mm 

1.5 

2 
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TABLE  90 


Combination  16 

REHYDRATION  CHARACTERISTICS  OF  COMPRESSED  CABBAGE-CARROTS  (82:18) 
BARS  AFTER  STORAGE  AT  VARIOUS  HUMIDITIES  AT  100°  F. 


Ralativa 

Humidity 

Haight  (grama)  of 
0.5  x  2"  diam. 

Compraaaion 

pai/aac. 

Tima  {mimi 
rahyd 

itaa  tor  oe 
[ration  afl 

>mpiata  ap  pa  rant 
:ar  atoraaa 

1'IlvRTI 

tmzmw 

iwzmrm 

No 

14 

300/30  aac. 

mm 

mm 

Storaga 

17 

500/30  aac. 

■1 

mm 

— 

0 

14 

300/30  aac. 

3 

3 

3 

17 

500/30  aac. 

10 

10 

8 

3 

14 

300/30  aac. 

mm 

3 

3 

3 

17 

530/30  aac. 

•  a 

3 

3 

3 

7 

14 

300/30  aac. 

mm 

1  1 

3 

3 

3 

17 

500/30  a  ic. 

mm 

3 

3 

3 

11.1 

14 

300/30  aac. 

m  m 

3 

3 

3 

17 

500/30  aac. 

*.m 

5 

6.5 

6 

20.4 

14 

300/30  aac. 

3 

3 

3 

17 

500/30  aac. 

— 

6 

O 

7 

31.9 

14 

300/30  aac. 

mm 

3 

3 

3 

17 

500/30  aac. 

m  m 

3 

3 

3 

117 


TABLE  91 


Combination  #7 

REHYDRATION  CHARACTERISTICS  OF  COMPRESSED  CABBAGE- CARROTS  (64:36)  BARS 
AFTER  STORAGE  AT  VARIOUS  HUMIDITIES  AT  100°  F. 


Relative 

Humidity 

Height  (grams)  of 
O.S  x  2"  diam. 

Compression 
psi/ sec. 

Time  (mini 
rehyc 

ites)  for  complete  apparent 
iration  after  storage 

w:mna 

kw.nnvrw 

aLgaa 

Ho 

12 

300/30  sec. 

1.5 

Storage 

13 

500/30  sec. 

2 

•  — 

a* 

™  * 

0 

12 

300/30  sec. 

3.5 

3.5 

4 

13 

500/30  sec. 

7 

6.5 

6.5 

3 

12 

300/30  sec. 

6.5 

6.5 

6.5 

13 

500/30  sec. 

12 

13 

15 

7 

12 

300/30  sec. 

5 

5 

6 

13 

500/30  sec. 

10 

6.5 

18 

11.1 

12 

3n/30  sec. 

5 

5 

b 

13 

5u«J/30  sec. 

10 

6.5 

12 

20.4 

12 

300/30  30c. 

4 

5 

5 

13 

500/30  sec. 

6 

6.5 

6 

31.4 

12 

300/30  sec. 

5.5 

5.5 

5 

13 

500/30  sec. 

«»  • 

6.5 

7 

7 
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TABLE  92 


Combination  18 

REHYDRATION  CHARACTERISTICS  OF  COMPRESSED  APPLES-STRAWBERRIES  BARS  (SOiSO) 
AFTER  STORAGE  AT  VARIOUS  HUMIDITIES  AT  lw)0*F. 


31 

weight  (grama)  of 
O.S  x  2”  diam. 

Compraaaion 

pai/aac. 

Tima  (alnutea)lor  comp lata  apparent 
re hy drat  ion  after  etorace 

mmzzm 

UL5Q31 

— 

10 

200/30 

60 

m 

m 

m 

3 

12 

300/30 

200 

m 

m 

m 

0 

10 

200/30 

- 

90 

■ 

60 

12 

300/30 

- 

160 

mm 

200 

■BB 

10 

200/30 

- 

90 

90 

60 

■HI 

12 

300/30 

- 

160 

180 

200 

7.0 

10 

200/30 

90 

120 

■EH 

12 

300/30 

m 

160 

200 

KH 

11.1 

10 

200/30 

m 

mm 

■■ 

60 

12 

300/30 

- 

E£fl 

KS 

200 

20.4 

10 

200/30 

• 

90 

120 

90 

12 

300/30 

- 

200 

200 

200 

31.9 

10 

200/30 

• 

120 

90 

! 

12 

300/30 

• 

120 

200 
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HYSTERESIS  STUDIES 


FIGURE  1 


PART  X  -  COMPRESSED  SINGLE  FOODS 


Single 

Foots 

(•> 


*♦3% 


75%RH 

/  X 


43% 


32% 


\ 


23*RH 

/ 


/ 


32% 


\ 


23t 


11%  RH 


/ 

7%  RH 

/ 


/ 


3%  RH 

/ 

Equilibrate 
At  0% 


Equilibria* 

Tamp  At 

72  ®F  (Room  Tamp.) 


\ 

X  \ 


7% 


\ 


3% 


/ 


Sat  1 


7% 


/rt\ 

23%  23% 

X  X 

✓u'  111 X 

yr  Equilibrium  \ 

Temperature  ^ 

100»F  7* 


\ 


Raquilibrata  At  0% 


3% 


\ 


\ 


R*-Eqi»iUW*t« 
To  n 


Sat  2 


Each  Tood  Sat  Comprised  of  3  Compressed 
and  3  Uncotipressad  Samplas 


*S ingle  Foods 

1.  loaf  ( 2500p*i/30  see.) 

2.  Eggs  (700  psi/30  sac.) 

3.  Spinach  (3300  pai/30  sac.) 

4.  Cabbage  (1000  psi/30  sac.) 

3.  Carrots  (300  psi/30  sac.) 
t.  Apples  (300  psi/30  sac.) 

7.  Strawberries  (300  psi/30  sac.) 


321 


Coapr****d 

Coabinatioa 

roods 

•<1> 


Coapr«***d 

Combination 

Food* 

*<2) 


Coapr****d 

Combination 

rood* 

*(3) 


11%  RH 


7%  RH 


23%"  ^21% 

^  \ 


3%  RH 

Initial 
Equilibrium 
0%  RH 


FIRST  GROUP 


vOr 

V 


Equilibria* 
T*«p*ratur* 
At  100® r 


X 


X 

3‘x 

R*-Equilibrat* 
To  0%  RH 


(1)  Combination  Foods ( ,  P2  Compressions) 
02.  B**f  and  Egg* 

03.  B**f  and  Spinach 
0*.  Spinach  and  Egg* 

04.  Cabbag*  and  Carrot* 

07.  Cabbag*  and  Carrots 
01.  Appl*  and  Strawborria* 


FIGURE  II 

HYSTERESIS  - 
COMBINATION 


PART  II 
FOODS 


43% 


x95'x 
/  n\ 


23% 


/ 


“\ 


11% 


/ 


7% 


/ 


Equilibrium 
T*np*ratur* 
At  100®F 


23% 


3% 

Initial  / 
Equilibriua  ' 

0%  RH 


/ 


\ 

uv 

7% 


COMBINATION  FOODS  (P2  Coapr***lon*  only) 

1.  B**f  and  Spinach 

B«*f  and  Eggs 

B**f  and  Spinach 
Spinach  and  Egg* 

Cabbag*  and  Carrot* 

Apples  and  Straub* rri** 


SECOND  GROUP 


2. 

3. 

4. 

7. 

8. 


\ 

31 

\ 

R*-Equilibr*t* 
To  0%  RH 


75% 


^5% 


75% 


41% 


X 

43% 


32% 


X 

32% 


r 

n% 


Equilibriua  T*ap*ratur* 
At  72®r  (Rooa  Tn*,) 


X 

23% 


X 
11% 


Initial  3% 
.Equilibrium,/ 

0%  RH 


\ 


3% 

fEqul] 


Coabination  rood*  (P2  Compression  only) 
THIRD  GROUP  7,  Cabbag*  and  Carrot* 

t.  Apple  and  Str*ub*rri«* 


R*-Equllibr*t* 
At  0%  RH 


FIGURE  .II 


HYSTERESIS  -  THIRD  PART 

TWO  FOOD  COMBINATION  (P2  Level  only) 

§  7.  Cabbage  and  Carrots  500  psi/30  sec 

I  8.  Apple  and  Strawberries  300  psi/30  sec 

3  Initial  Equilibrium  All  Equilibrated  At  100°F 

Levels  (3,  11,  23%  RH) 

Compressed 

Foods 


1st 

Set 


(6  samples) 


initial  equilibrium  3% 


32%  RH 


Re-Equilibrated 
both  to  3%  RH 


2nd 

set 


(6  samples ) 


Initial  Equilibrium  11% 


32%  RH 


0% 


Both  to  11%  RH 


(6  samples) 

set 

Initial  Equilibrium  23% 


37%  RH 


Re-Equilibrate 
Both  sets  to 
23%  RH 


FIGURE  4  Jar  Assembly  and  Components 


FIGURE  7  Jars  Used  for  Bulk  St 


f  of  Samples  Used  for  Stability  Analysis 


•  •>  < 


i 


FIGURE  8 


Taste  Panel  Room  Used  for  Organoleptic  Analys-s 
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FIGURE  IX 


SAMPLE  BALLOT 

Saapla  Mo. 

Nam 


Plaaaa  chock  your  opinion  of  aach  aawplat 


Flavor  Odor 


Lika  ext  ram  ly 

ma  *.fi  jja,  .»Ni— ■ 

-MiKiffon Etsmm 

Bsxusmmmm 

Neither  like  nor 
dialika 

miMDir&swm 

’•n«v;  ■  u  w  >r» 

•inUTW  U'l  1M.B* 

'.•PJI'TTUUW 
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MOISTURE  SORPTION  ISOTHERMS 
FOR  COMBINATION  #1 
BEEF-SPINACH  75/25 


R«lativ«  Humidity 


MOISTURE  SORPTION  ISOTHERMS 
FOR  COMBINATION  #1 
BEEF-SPINACH  75/25 
AT  100°F 


Relative  Humidity 


•P7T°S  «*A0  jo  %  -  VMVBQ  oanirjoii 
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Relative  Hvaddity 


Ralativ*  HuadLdity 


MOISTUVC  SORPTION  ISOTHERMS 
TOR  COMBINATION  #3 
BEEF-SPINACH  39/61 


liUtiva  Huaddity 


v«  Humidity 


FOT* 


Relative  Humidity 


Relative  Huaidity 


irastwd 


Ralativ*  Hialdity 
FIGURE  XXV 


wn 


jm  %  -  \m%mo  miu«tom 


lativ*  Humidity 


•PTTOs  (MAO  JPO  \  -  10*4900  oonitTOM 


Hlit&v*  Humidity 


Relative  Htmidity 


^4 


ftftlatlvw  XuBldity 


Relative  Huaidity 


